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ABSTRACT 

I . 
t 

A study was conducted to  t e s t  the feas ib i l i ty  of using a proposcd  s t a t i s -  
t i ca l  maneuver  model  of a i r c r a f t  cen ter -of -gravi ty  motions to  pred ic t  fo r  
a given maneuver  type the dis t r ibut ion of maneuver  load peaks  a t  any point 
in a n  a i r c r a f t ' s  s t r u c t u r e .  P r o v e n  feasibi l i ty  of th i s  model  would p e r m i t  
more meaningful  appl icat ion of maneuver  fl ight l oads  da ta  to  s t r u c t u r a l  
des ign  c r i t e r i a .  Consequent ly ,  a s t a t i s t i ca l  maneuver  model  w a s  derivc>d 
for  a da ta  s a m p l e  consis t ing of 318 descending left t u r n s  se l ec t ed  f r o m  
avai lab le  F -105D eight-channel  flight loads  data .  F r o m  th i s  model ,  d i s -  
t r ibu t ions  of peak loads  w e r e  pred ic ted  fo r  the s h e a r  load a t  t h r e e  d i f -  
f e r e n t  locat ions in  the  F - l 0 5 D  s t ruc tu re .  
of t h e  model ,  the  pred ic ted  d is t r ibu t ions  compared  ve ry  favorably with 
"observed" d is t r ibu t ions  of t h e  loads of peaks  obtained f r o m  t h r e c  l o a d  
t i m e  h i s t o r i e s  calculated f o r  each of the  318 maneuver s .  

As evidence of t h e  ifcasibility 

i ii 
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1. INTRODUCTION AND BACKGROUND 

Th i s  s tudy w a s  conducted t o  tes t  t he  feas ib i l i ty  of using a p roposed  
s t a t i s t i ca l  maneuver  model  to  pred ic t  f o r  a given maneuver  type the  
d is t r ibu t ion  of maneuver  load peaks a t  any point in a n  a i r c r a f t ' s  s t r u c t u r e .  
Since the  specif icat ion of des ign  loads is  the  p r i m a r y  object ive of t he  
des ign  c r i t e r i a ,  such  a model ,  if  proved f eas ib l e ,  would ce r t a in ly  enhance 
the  s t r u c t u r a l  des ign  c r i t e r i a .  At t h e  onse t ,  t he  r e q u i r e m e n t s  spec i f ied  
i n  ex is t ing  s t r u c t u r a l  des ign  c r i t e r i a  w e r e  examined to d e t e r m i n e  the  
spec i f ic  a s p e c t s  of t h e s e  r equ i r emen t s  to  which the  model  could be appl ied 
advantageously.  

1 .  1 Des ien  C r i t e r i a  Reau i r emen t s  

A i r c r a f t  s t r u c t u r a l  design c r i t e r i a  have been defined in prev ious  
r e p o r t s  a s  " those  docuinented r equ i r emen t s  compl iance  with which is  be- 
l ieved to  a s s u r e  a high leve l  of s t r u c t u r a l  in tegr i ty  in  opera t iona l  a i r c r a f t .  ' '  
Included among these  "documented r e q u i r e m e n t s "  a r e  r e q u i r e m e n t s  t o  with- 
s tand loads  imposed  on the s t r u c t u r e  by  maneuver ing  and a t m o s p h e r i c  t u r -  
bulence while the a i r c r a f t  is  in  fl ight.  
i n to  fou r  groups-maneuvering s ta t ic  des ign  l imi t  loads ,  gus t  des ign  l imi t  
s t a t i c  l oads ,  maneuver ing  fatigue loads ,  and  gust  fa t igue loads .  

T h c s r  flight loads m a y  be divided 

E a r l y  a i r c r a f t  des ign  c r i t e r i a  dea l t  only with s t a t i c  des ign  limit 
l o a d s ,  tha t  i s ,  loads  whose  durat ion is not cons idered  impor tan t .  To en- 
s u r e  tha t  t h e s e  loads w e r e  calculated p rope r ly ,  the des ign  c r i t e r i a  specif ied 
a set  of c r i t i c a l  des ign  maneuver  f l ight  conditions for  which the  des igne r  
had t o  de r ive  a set of s t a t i c  u l t imate  des ign  loads  f o r  the  va r ious  s t r u c t u r a l  
components  (wing, fuse lage ,  ve r t i ca l  t a i l ,  horizontal  t a i l ,  e tc .  ). Upon 
comple t ion  of t he  fl ight t e s t  a i r c r a f t ,  the  a i r c r a f t  manufac tu re r  w a s  r e -  
q u i r e d  t o  p e r f o r m  demonst ra t ion  f l ights  i n  which the a i r c r a f t  w a s  subjected 
t o  e a c h  of the  c r i t i c a l  design maneuver  flight conditions Specified in  t h c  
des ign  c r i t e r i a .  
of ope ra t ing  sa t i s f ac to r i ly  under  the  p r e s c r i b e d  flight condi t ions,  da ta  co l -  
l ec t ed  dur ing  fl ight evidenced the  d e g r e e  of accu racy  at ta ined i n  calculat ing 
t h e  des ign  s t r u c t u r a l  loads .  This p r o c e d u r e ,  which provides  a quick and 
r e l a t ive ly  inexpensive check on the ultiinatv dcsign loacl va lues ,  s e r v e s  as  
the  bas i s  of p r e s c n t  mi l i t a ry  design c r i t e r i a .  

In addition t o  t h e  a i r c r a f t ' s  demonst ra t ing  its capabi l i ty  

Bes ides  the s e t  of c r i t i ca l  des ign  maneuver  flight condi t ions,  t.hc 
d e s i g n  c r i t e r i a  specif ied the design max imum gust conditions which the d e -  
s i g n e r  a lso had to cons ide r  in calculating the s ta t ic  u l t imate  des ign  loads .  
A tmospher i c  tu rbulence  c a n  provide a c r i t i c a l  design fl ight condition for  
( 1 )  a c a r g o  o r  bombt.r type (if 2,ircraft h a v i n g  a r e l a t i v e l y  low design load 
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f ac to r  or ( 2 )  a h igh -pe r fo rmance  type of a i r c r a f t  which encounters  a gust 
while performing a high load fac tor  m a n e u v e r .  

In addition to s ta t ic  ul t imate  des ign  loads ,  the des igne r  m u s t  c a l -  
cu la te  the e f f ec t s  of repea ted ,  o r  fa t igue,  maneuver  and gus t  loadings on the 
s t r u c t u r e .  T h e  des ign  c r i t e r i a  governing his  calculat ions f o r  the effects  of 
repeated maneuver  loads is a loads f requency  s p e c t r u m  de r ived  f r o m  t h r e e -  
channel  ( a i r s p e e d ,  a l t i tude and n o r m a l  acce le ra t ion )  maneuver  data  r eco rded  
on se rv ice  a i r c r a f t  during n o r m a l  opera t ion .  This  type of s p e c t r u m  indi-  
c a t e s  the f requency  of loads  a t  va r ious  load l eve l s  e x p r e s s e d  a s  percentages  
of posit ive and negative des ign  load f a c t o r s .  And the des ign  c r i t e r i a  gov- 
e rn ing  the d e s i g n e r ' s  calculat ions f o r  t he  effects of r epea ted  gus t  loads is 
a gust  input s p e c t r u m  e x p r e s s e d  i n  the  f o r m  of a power s p e c t r a l  densi ty .  

Before  the accumulat ion of apprec i ab le  fl ight t i m e ,  each  new a i r -  
c r a f t  type is  subjected to a cycl ic  fatigue t e s t  on the ground.  T h i s  t e s t  is 
based  on  a loading s p e c t r u m  ca lcu la ted  f r o m  the maneuver  load s p e c t r u m  
and the gust  input s p e c t r u m  specif ied in  the des ign  c r i t e r i a .  The t e s t  i s  
continued until  a f a i lu re  o c c u r s  in the p r i m a r y  s t r u c t u r e .  Using the fatigue 
t e s t  data  and e a r l y  s e r v i c e  flight loads da ta  (including sui table  s c a t t e r  f a c -  
t o r s  t o  compensa te  for  the l imi ted  s a m p l e  s i z e ) ,  a n  e s t i m a t e  is m a d e  of the 
sa fe  s e r v i c e  l ife f o r  the a i r c r a f t  type.  

The  m a j o r  deficiency of the p r e s e n t  des ign  c r i t e r i a  i s  t he i r  in -  
abil i ty to account  for  a s y m m e t r i c a l  fa t igue  loads s ince  such  loads cannot be 
de r ived  f r o m  the s p e c t r u m  of n o r m a l  a c c e l e r a t i o n s .  Ins tances  of fatigue 
f a i lu re s  in ta i l  su r f aces  indicate  the need f o r  des ign  c r i t e r i a  using a fatigue 
spec t rum based  on a s y m m e t r i c a l  l oads .  A l s o ,  a quant i ta t ive e s t ima te  of 
the probabili ty of exceeding given pe rcen tages  of the des ign  m a x i m u m  
asymnie t r i ca l  loads would be d e s i r a b l e .  

1 .  2 Application of Fl ight  Loads Data  to  Design C r i t e r i a  

T o  ca lcu la te  a i r c r a f t  loads f r o m  the r igid-body equat ions of 
motion r equ i r e s  record ing  at l e a s t  e ight  p a r a m e t e r s .  
Table  1 were  used in this  p r o g r a m .  

The eight l i s ted  in 

T h r e e  o ther  r equ i r ed  p a r a n i e t e r s - p  ( r o l l  angular  acce le ra t ion ) ,  
4 (p i tch  angular acce le ra t ion ) ,  and i- (yaw angular  accelerat ion)-- :an be 
de r ived  by d i f fe ren t ia t ing  the r eco rded  analog t r a c c s  of p,  q ,  and r .  The  
dynamic and s ta t ic  p r e s s u r e s  a r e  used to  d e r i v e  a i r s p e e d ,  a l t i tude,  and 
Mach number .  
will  yield s t r u c t u r a l  loads f o r  any p a r t  of the a i r c r a f t .  

Substi tuting t h e s e  da ta  i n  the rigid-bocly eqtiations of motion 
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a 

c 

TABLE 1 

Eight-Channel Recorded  P a r a m e t e r s  

n,- - long~t~ir i inal  ( g a <  r r l r r n t i o n  ( p o s i t i v e  f o r n a r d )  

n -1a trra l  c g a ( (  c ~ l r r a l i o n  (positive r l g h t )  

n z - v c r t i r a l  c g a (  cc- lrrat ion ( p o s ~ t i v r  lip) 

p -roll  a n g u l a r  veloc ~ t y  ( p o s i t i v e  r ight  wing  rlown) 

Y 

q - p i t c h  a n g u l a r  vpioc i ty  ( p o s i t i v r  n o s e  up) 

r - y a w  a n g u l a r  ve loc i ty  ( p o s i t i v e  n o s c  r i g h t )  

P d - d y n a m i c  prpssrirr 

Pa - s l a t  ir p r r s s i i  rr  

Because  of the expense  and complexi ty  of r eco rd ing  and p r o c e s s -  
ing eight-channel  osc i l lograph  data ,  only a l imi ted  amount  of th i s  type of 
d a t a  now e x i s t s .  However,  digital r e c o r d e r s  (predominant ly  magnet ic  t ape )  
wi l l  soon be in  s e r v i c e  to r e c o r d ,  i n  volume,  e ight-channel  da t a  in a f o r m  
compat ib le  with d ig i ta l  compute r s .  
of e ight -channel  da t a  r e q u i r e s  a computer  p r o g r a m  to r educe  the  da ta  into a 
meaningfu l  f o r m  and a method of s ta t i s t ica l ly  ca lcu la t ing  d is t r ibu t ions  of 
l oads  f r o m  dis t r ibu t ions  of the basic p a r a m e t e r s  to avoid the excess ive  ex-  
p e n s e  of r e - p r o c e s s i n g  all the  data points  e a c h  t ime  a load s p e c t r u m  ca lcu -  
la t ion  is needed.  
bil i ty of a proposed  method of s ta t i s t ica l ly  calculat ing the loads .  

Obviously,  the  handling of a l a r g e  amount  

Th i s  p r o g r a m  w a s  intended p r i m a r i l y  to t e s t  the f eas i -  

Since 1954 va r ious  r e p o r t s  have proposed  s e v e r a l  methods  of 
ca lcu la t ing  the s t r u c t u r a l  l oads  f r o m  eight-channel  da t a .  A l l  methods in -  
volve the u s e  of s t a t i s t i c a l  techniques because of the huge s i z e  of the da ta  
s a m p l e  and the  var ia t ions  in  the sample  due to the uncontrol lable  effects  
of d i f fe ren t  pilot techniques,  a tmospher ic  tu rbulence ,  geographic  topology, 
and wea the r  condi t ions.  

A commonly proposed  s t a t i s t i ca l  technique u t i l i zes  probabi l i ty  

This  method,  known a s  the  "peak-count method,  ' I  has  
dens i ty  functions of d i s c r e t e  s amples  of the p a r a m e t e r s  (usual ly  the  p a r a m -  
eter peak va lues ) .  
s o m e  s e r i o u s  sho r t comings ,  two of which a r e  desc r ibed  below: 

(1 )  The  number  of load peaks on  s o m e  a i r c r a f t  components  
is not n e c e s s a r i l y  re la ted  to  the  number  of r eco rded  
p a r a m e t e r  peaks ,  F o r  example ,  s ince  v e r t i c a l  t a i l  
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loads c a n  be cons ide red  a function of ny, r ,  and p,  i t  
would s e e m  reasonab le  to c o r r e l a t e  ve r t i ca l  tai l  load 
peaks with peaks  of e a c h  of t hese  p a r a m e t e r s .  How- 
e v e r ,  F i g u r e  l shows a c a s e  w h e r e  ny and r peak  a t  
sl ightly d i f f e ren t  t i m e s  with only a s ingle  c o r r e s p o n d -  
ing ve r t i ca l  t a i l  load peak .  
ve r t i ca l  t a i l  load peak s t i l l  a p p e a r s  when only one  of 
the ny and r p a r a m e t e r s  peaks  outs ide  the th re sho ld .  
Consequently,  the total  number  of v e r t i c a l  t a i l  load 
peaks is probably m o r e  than the  total  n u m b e r  of e i the r  
the ny o r  r peaks  but l e s s  than the s u m  of the to t a l s .  

In o the r  i n s t ances ,  a s ing le  

a 
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Figure  1. Sample  T i m e  H i s t o r i e s  f o r  T a i l  Load ,  Yaw 
Ac c e le  ra t ion ,  and L a t e r  a1 Ac c ele  r a t  ion 

S t ruc tu ra l  load peaks  do  not n e c e s s a r i l y  coincide in 
t ime with the peak  of one of the bas ic  p a r a m e t e r s .  
example ,  F i g u r e  1 ,  which is a t i m c - h i s t o r y  plot f o r  a 
portion of a left  t u rn ,  s h o w s  thc, vcsrtical t a i l  load peak 
occur r ing  betwccn the ny ant1 r p e a k s .  During the r c -  
duction of da ta  to pcrtk-count f o r r n ,  the p a r a m e t e r  va lues  
cor responding  to t h t  vv r t i ca l  t a i l  load peak  a r e  d i s c a r d e d  
whenever  the peaks  of thc, f o r m e r  do not o c c u r  s imul t a -  
neously with the peaks  of tht. l a t t e r .  

F o r  
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T h e s e  shor tcomings  indicate that the peak-count method cannot  
adequately p red ic t  s t r u c t u r a l  load d i s t r ibu t ions .  

1 .  3 P r o p o s e d  Sta t i s t ica l  Maneuver Model 

T h e  proposed  s ta t i s t ica l  model  is l imi ted  to maneuver  loads .  A s  
d i s c u s s e d  l a t e r ,  the  d is t r ibu t ion  of gust  loads to be combined with the ca l cu -  
la ted  maneuver  loads  m u s t  be de te rmined  by o ther  m e a n s  such  as a power 
s p e c t r a l  dens i ty  technique. 

T h e  bas ic  unit in  maneuver  f l ight  loads  da ta  i s  the maneuver  
i tself- the r e s u l t  of the pi lot ' s  effort to  change h i s  f l ight path.  
w e r e  broken  down into the d i f fe ren t  types of m a n e u v e r s  pe r fo rmed  and i f  
all the loads  a s soc ia t ed  with each  maneuver  type w e r e  ca lcu la ted ,  the loads 
s p e c t r u m  f o r  each  flight and each  m i s s i o n  and finally for  t he  e n t i r e  l i fe  of 
the a i r c r a f t  could be cons t ruc ted  f r o m  these  maneuver  1oad.s. 
cedure  r e q u i r e s  two s teps :  

If the  da t a  

This  p ro -  

(1)  E a c h  maneuver  type must  be r e p r e s e n t e d  by an  a c c u r a t e  
s e t  of p a r a m e t e r  t i m e  h i s to r i e s  appl icable  to a l l  maneu-  
v e r s  of the s a m e  type.  

( 2 )  The  n u m b e r  and type of m a n e u v e r s  p e r f o r m e d  dur ing  each  
fl ight,  m i s s i o n  type,  and life of the a i r c r a f t  m u s t  be e s t i -  
m a t e d .  

S ince  all a i r c r a f t  general ly  p e r f o r m  the s a m e  type of m a n e u v e r s ,  
the s e t s  of p a r a m e t e r  t ime  h is tor ies  de t e rmined  fo r  the maneuver  types of 
one a i r c r a f t  could be applied to other  a i r c r a f t  types i f  the e f fec ts  of the 
configurat ion of the ins t rumented  a i r c r a f t  could be removed f r o m  the da t a .  
S ince  th i s  extension is an important  p a r t  of the proposed appl icat ion of 
fl ight loads to des ign  c r i t e r i a ,  a th i rd  s t e p  is  requi red :  

( 3 )  The da ta  f o r  each  maneuver  type m u s t  be no rma l i zed  to 
r e m o v e  the effects  of a i r c r a f t  configuration and the f a c t o r s  
used  to  p e r f o r m  the normalizing m u s t  be r eco rded .  

The  flow c h a r t  i n  F igu re  2 p r e s e n t s  the basic  p r o g r a m  to  e s t a b -  

Normal ized  t ime  h i s to r i e s  of the var ious  p a r a m e t e r s  fo r  each  
l i s h  des ign  c r i t e r i a  f r o m  maneuver  loads in the l ight of the foregoing d i s -  
cuss ion .  
m a n e u v e r  type a r e  de r ived  f r o m  the da ta  of one a i r c r a f t  type.  
t i m e  h i s t o r i e s ,  d i s t r ibu t ions  of normal ized  p a r a m e t e r s  a r e  der ived  to  f o r m  
a s t a t i s t i c a l  model .  
r c c o r d e d  p a r a m e t e r  peak values and with the a i r c r a f t  aerodynamic  and 

F r o m  these  

Then ,  combining the model  with the d is t r ibu t ions  of 

5 



i n e r t i a l  p r o p e r t i e s  y ie lds  a n  expec ted  d is t r ibu t ion  o f  s t  r t i < - t i i r n l  l oads .  
Applying t h e  s t a t i s t i c a l  mode l  to o t h e r  a i r c r a f t  type's d o t s  n o t  requir-c 
reca lcu la t ing  the d i s t r ibu t ions  of n o r i n a l i z t d  pa ran l i ’ t c r s .  

N o r m a l i z e d  
p a r a  met e r 
t i m e  h i s t o r i e s  
by m a n e u v e r  

type 

Data f r o m  - A I C  A 

t 1 

.C- 

Maneuver  # 1 
statist1ca1 * p a r a m e t e r  - 
dis t r ibu t ions  ’ 

Maneuver  #2 
i t a t i s t i c a l  

_ - - - -  
A I C  B AIC A 

S t a t i s t i c a l  d i s t r ibu t ion  of S t a t i s t i c a l  d i s t r i b u t i o n  of 
s e l e c t e d  s t r u c t u r a l  l o a d s  

t 
@lo of t i m e  by m i s s i o n  type 

No .  & type of m a n e u v e r s  
by m i s s i o n  type 

Dis t r ibu t ion  of peak 
p a r a m e t e r s  by m a n e u v e r  
type  and  m i s s i o n  type  

1 

* 
I 

A e r o d y n a m i c  and  

p a r a m e t e r  - s e l e c t e d  s t r u c t u r a l  loads  
d is t r ibu t ions  I f r o m  mrneuver l r  from m a n e u w r s  

To of t i m e  by m i s s i o n  type  

No.  (L type  of m a n e u v e r s  
by n i i s s i o n  type  

Dis t r ibu t ion  of peak 
p a r a m e t e r s  by m a n e u v e r  
type  and m i s s i o n  type  

-1 

Aerodynani ic  and  

F igu re  2. F low C h a r t  of P r o p o s e d  B a s i c  P r o g r a l n  

Data f r o m  A I C  A 

7 

P a r a m e t e r  t ime 
himtories for  
o n e  maneuver  

type 
- 

4 
Norma 11 z ed 
p a r a m e t e r  
t i m e  h i s t o r i e s  t 
for one 
maneuver  type 
I 

i 
Types  of m a n e u v e r s  

Distr ibut ion of peak 
p a r a m r t e r s  for E 
m a n e u v e r  type 

A 

E s t i m a t e d  a e r o d y n a m i c  
and iner t ia  p r o p e r t i e s  

Maneuver # I  
stat is  t ical  
par a m e t  e r 
distributioris 

A I C  A 
Chrrk , I i ~ t r i h t l t i ~ I t l  of  S ta t i s t ica l  d i s t r i b u t  i o n  

of t h r e ?  l oads  for  o n e  t h r r c  I t > , i d <  l o r  L l I L r  

m a n e u v e r  l y p c  manr*rivt.r tvpr  -- __ - 
t t  

Evaluat ion of proposed  method 

E f f e c t  o f  a p p r o x l m a t i o n s  used  

F i g u r e  3 .  Flow C h a r t  Showing M a j o r  P h a s e s  of Proposc:cl B a s i c  
Program Included i n  T h i s  Study 



T h e  flow c h a r t  i n  F i g u r e  3 i nd ica t e s  the p h a s e s  of the bas ic  p r o -  
g r a m  c o v e r e d  in  th i s  s tudy.  A s a m p l e  of 318 descend ing  left  t u r n s  w a s  de-  

s c a l e s  w e r e  t r a n s f o r m e d  to a l ign the p a r a m e t e r  t r a c e s ,  and the  p a r a m e t e r  
t i m e  h i s t o r i e s  w e r e  n o r m a l i z e d  by using the peak  va lues .  F r o m  the d i s -  
t r ibu t ions  of the  n o r m a l i z e d  p a r a m e t e r s  at spec i f ied  t r a n s f o r m e d  t i m e s ,  
the d is t r ibu t ion  of p a r a m e t e r  peaks,  and  the  e s t i m a t e d  a e r o d y n a m i c  and  
i n e r t i a l  p r o p e r t i e s ,  d i s t r ibu t ions  of p e a k  loads  w e r e  calculated s t a t i s t i ca l ly  
F r o m  t i m e  h i s t o r i e s  of t h e s e  loads ca lcu la ted  f o r  each  individual d e s c e n d -  
ing le f t  t u rn ,  ac tua l  d i s t r ibu t ions  of peak  l o a d s  w e r e  d e r i v e d  to  check  the 
s t a t i s t i ca l  c a l c  ulat ions . 

C - T ~ O A  ;--- n:-L4 P h - n n o l  A - t -  - n c m - C l e A  
A: ,Lu  * & V I L A  L - I g L I L - L . * L L . I I * L .  U L C C L C  L L C I V I U L U  cr, F -  !95D Fiircrzft. The t i x c  

2.  DISCUSSION 

2.  1 F-105D Eight -Channel  Data 

T h e  eight-channel  da ta  se lec ted  to  i l l u s t r a t e  the p roposed  sta- 
t i s t i ca l  m o d e l  w e r e  r e c o r d e d  during the  n o r m a l  ope ra t ion  of F- 105D a i r -  
c r a f t  b a s e d  a t  Wheelus  A i r  B a s e ,  Libya; Kadena  A i r  B a s e ,  Okinawa;  and 
N,el l is  A i r  F o r c e  B a s e ,  Nevada. A view of the F-1O5D a i r c r a f t  i s  shown 
in  F i g u r e  4 .  

F i g u r e  4. View of t h e  F - 1 0 5 D  Airplane 
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The ins t rumenta t ion  s y s t e m  cons is ted  of a n  osc i l lograph  r e -  
c o r d e r ,  br idge control  un i t s ,  t h r e e  s t r a i n  gage a c c e l e r o m e t e r s ,  t h r e e  
potent iometer  r a t e  gy ros ,  and two s t r a i n  gage p r e s s u r e  t r a n s d u c e r s .  The  
t h r e e  a c c e l e r o m e t e r s  w e r e  mounted a t  the approximate  location of the a i r -  
c r a f t ' s  cen ter  of grav i ty  and al igned with the m a j o r  axes  of the a i r c r a f t .  
The  t h r e e  r a t e  gy ros  w e r e  aligned to  m e a s u r e  the angular  r a t e s  a round each  
of the  a i r c r a f t ' s  m a j o r  axes .  
the a i r c r a f t ' s  Pi tot-s ta t ic  s y s t e m  to  s e n s e  the dynamic and s t a t i c  p r e s s u r e s .  
When the  landing g e a r  w a s  r e t r a c t e d ,  the osc i l lograph  ope ra t ed  continuously 
and r eco rded  data  a t  a paper  speed  of about 24 inches p e r  minute .  The  data  
was  recorded  on  a ro l l  of photosensi t ive pape r  3 -5 /8  inches wide and up to  
400  feet  long. Sample  port ions of data  a r e  shown e l sewhere  in  this  r epor t .  

The  p r e s s u r e  t r a n s d u c e r s  w e r e  connected to  

2 .  2 Selected Data Sample  

The s t a t i s t i ca l  maneuver  model  fo r  calculat ing s t r u c t u r a l  load 
dis t r ibut ions developed in th i s  study was  t e s t ed  by using a sample  of one 
maneuver  type, name ly ,  the descending lef t  tLirn. The  r e a s o n s  f o r  s e l e c t -  
ing this  maneuver  type w e r e  twofold. 

( 1 )  Since the maneuver  i s  a s y m m e t r i c a l ,  it induces ta i l  and 
a i le ron  loads .  

( 2 )  Since the da ta  f r o m  a descending left tLirn i s  re la t ive ly  
difficult to  p r o c e s s  because of thc  significant var ia t ions  
i n  such  da ta  f r o m  maneuver  to nianct iver ,  this  maneuver  
type provided a good m e a n s  of tes t ing  the prac t ica l i ty  of 
the proposed  method.  

F r o m  the avai lable  da t a ,  about 450  hour s  of both t ra in ing  and 
opera t iona l  e ight-channel  flight loads da ta ,  a sa inplc  of 318 descending le f t  
t u rns  per formed in 4 0  fl ights was se l ec t ed .  A s u m m a r y  of the flight con-  
di t ions,  a i rcraf t .  configurat ions,  and a i r  b a s e s  a s soc ia t ed  with the da ta  
sample  i s  included i n  Appendix A .  
type to s e r v e  a s  the s a m p l e ,  types found eas i ly  identifiable and occur r ing  
frequent ly  a r e  l i s ted  in Table  2 .  

During the se lec t ion  of the m a n e u v e r  

F u r t h e r  s tudy of the maneuver  types  r n a y  r e v e a l  that  s o m e  s i m i -  
l a r  types of maneuvers  among those  l i s ted  above  m a y  be combined into a 
s ingle  type.  
recognition and p e r m i t  compiling a good s a m p l e  of a maneuver  typc  f r o m  
a s m a l l e r  amount of flight data .  

Such combining of types would g rea t ly  s implify maneuver  

8 



TABLE 2 

Observed  Maneuver Types  

A sc  r nd 1 tip I r f t t r i  r n Asc rrirling right tiirn 

Dcsc rnding lrft turn 

1,evrl I f * f t  t r i r n  

Drsc  r n d ~ r i g  riglit t l irn 

L ~ v c . 1  right lririi 

The type and number  of m a n e u v e r s  r e c o r d e d  depends  on the 
m i s s i o n  flown. 
in  t h e  F - 1 0 5  da ta  is  g r e a t e r  in the bombing and  gunnery m i s s i o n s  than in 
the navigation o r  f e r r y i n g  m i s s i o n s .  
o b s e r v e d  in a typ ica l  F - 1 0 5 D  bombing and gunnery m i s s i o n .  

F o r  example ,  the  number  of m a n e u v e r s  p e r  flight hour 

Tab le  3 l i s t s  the maneuver  types  

TABLE 3 

S u m m a r y  of Maneuvers  i n  a Typica l  Flight 

Base :  Whrcl i is  A i r  R a s c , .  L ibya  

M i  s s ion:  

Total  flight time: 

Breakdown of m a n e u v e r s :  

Nrirlrar a n d  r r,nvr.ritional Immhiny 
a n d  groiind gunnery  

7 2 .  6 niinrites 

34  right t u r n s  I toss  b o m b  rrianeilvt’r 

12 left  t u r n s  1 yawing m.+nruvcr  

8 r o l l i n g  p u l l - u p s  2 a c c c l e r a t i o n s  t o  M a (  h 0 0 

2 s y m m e t r i c a l  prill-rips 2 drc e l r r a t i o n s  t o  Low a i r  s:pr.f>(l 

AS d e s c r i b e d  in  Appendix B, e a c h  of the obse rved  maneuver  types 
h a s  d is t inc t ive  t r a c e  p a t t e r n s .  
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2 .  3 Data  H c d r i c - t i o n  

I 
I V o l t a g e  Monitor 
I Timer  Trace  I 

- -- 
- N O R M A L  A C C E L E R A T I O N  

. ++- 
Ai r s pe cdl,  

nz Reference  

I 
R o t  tom Re fr r enc e ' 

I 

START 
READING 

STOP 
READING 

1 0 
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T o  provide  flexibil i ty i n  th i s  s tudy,  the  compute r  p e r -  
f o r m e d  ca lcu la t ions  in s e v e r a l  s t eps .  
p a r a m e t e r s  w e r e  ca lcu la ted :  t i m e  in  seconds ;  ca l ib ra t ed  a i r s p e e d  in knots ;  
p r e s s u r e  a l t i tude  in f e e t ;  the  th ree  l i n e a r  a c c e l e r a t i o n s  a t  the c e n t e r  of 

and nz ;  the th ree  angular  r a t e s -p  ( r o l l ) ,  q (pi tch) ,  and gravi ty-  nx, 
r (yaw) ;  t he  t h r e e  angu la r  acce lera t ions-p ,  q ,  and r (which w e r e  c a l c u -  
la ted  by different ia t ing p, q ,  and r with r e s p e c t  to t i m e ) ;  and the t h r e e  
Eulerian angles -  Q, €I,+ (which gave the  a i r c r a f t ' s  o r ien ta t ion  with re -  
s p e c t  to the  e a r t h ' s  coord ina te  sys t em) .  All  angu la r  p a r a m e t e r s  w e r e  
e x p r e s s e d  i n  d e g r e e s .  

In the f i r s t  s t e p ,  the following 

"Y 

The  Eu le r i an  angles  w e r e  ca lcu la ted  by in tegra t ing  the 
va lues  of p,  q ,  and r which w e r e  m e a s u r e d  about e v e r y  0 . 2  second.  A s  
with  any  in tegra t ion  of t h i s  type,  any m i n o r  e r r o r s  in t roduced  by the  s a m -  
pling f r equency ,  ca l ibra t ion ,  and m e a s u r e m e n t  of the n o r m a l  p a r a m e t e r  
va lues  b e c a m e  l a r g e  when the integrat ion c o v e r s  a n  apprec i ab le  per iod .  
As  a consequence ,  s ign i f icant  e r rors  could have been in t roduced  into the 
va lues  for t h e  angles  Jr, 8 ,  and when the  in tegra t ion  f o r  a maneuver  w a s  
comple ted .  T h e s e  va lues ,  neve r the l e s s ,  indicated the  type of maneuver  
p e r f o r m e d  and whe the r  t he  t u r n  was 45, 90, o r  180 d e g r e e s .  

T h e  angular  acce le ra t ions ,  p,  q ,  and r ,  a t  each  point 
w e r e  ca lcu la ted  by d i f fe ren t ia t ing  the angular  r a t e  t r a c e s  approximated  
by a parabo la  defined by the point and i t s  two ad jacent  po in ts .  

Th i s  approximate  method of d i f f e ren t i a t ion  theo re t i ca l ly  
b e c o m e s  m o r e  a c c u r a t e  a s  the t ime in t e rva l  between r ead ings  d e c r e a s e s .  
However ,  the sampl ing  r a t e  w a s  fixed a t  about five r ead ings  p e r  second 
because  of the da ta  r eco rd ing  a t  a pape r  speed  of 24 i nches  p e r  minute .  
With th i s  f ixed sampl ing  r a t e ,  the da t a  sample  could not r e f l ec t  the ac tua l  
t r a c e  when the  p a r a m e t e r  def lected a t  f r equenc ie s  above 0 .  5 c p s  (see 
Appendix D). Even with the frequency l imi ta t ion  imposed  by the sampl ing  
r a t e ,  s o m e  peaks  a t  the higher  f r equenc ie s  (above 1 c p s )  appea red  in the 
a n g u l a r  a c c e l e r a t i o n s  when the  angular  r a t e  t r a c e s  w e r e  d i f fe ren t ia ted .  
S i n c e  t h e s e  h igher  f requency  peaks occur  p r i m a r i l y  a t  the lower  a l t i tudes ,  
t hey  have  been a t t r i bu ted  to a tmosphe r i c  tu rbulence ,  s t r u c t u r a l  dynamic 
e f f ec t s ,  and occas iona l ly  c l o s e  format ion  f l ights .  Although these  t h r e e  
t y p e s  of r e s p o n s e  a r e  impor t an t ,  they a r e  independent of the maneuver  
types  c o v e r e d  by the  proposed s t a t i s t i ca l  mode l  and wil l  have to  be ob- 
ta ined  f r o m  ano the r  s o u r c e .  It i s  envisioned that the load contr ibut ions 
c a u s i n g  these  h ighe r  f requency  r e sponses  m a y  be supe r imposed  on the  
load  d i s t r ibu t ions  ca lcu la ted  f r o m  the s t a t i s t i ca l  mode l .  Th i s  p rob lem 
is d i s c u s s e d  f u r t h e r  in Sect ion 2.  5 .  5 .  Since these  e f fec ts  a r e  not con-  
s i d e r e d  p a r t  of the bas ic  maneuvers ,  the angular  r a t e  t r a c e s  w e r e  smoothed 
p r i o r  to d i f f e ren t i a t ion  to el iminate  the h igher  f requencies .  The  smoothing 
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involved a seven-point  weighted f i l t e r  consis t ing ot the reading  and th ree  
points  immedia te ly  before  and a f t e r  i t ,  the  points n e a r e s t  the reading  being 
m o s t  significant i n  smoothing the reading .  
the f i l ter ing p r o c e s s  and i t s  effect  on the da t a .  

Appendix D comple te ly  d e s c r i b e s  

2 .  3 .  2 L o a d s  Equat ions 

Approxi inatc  s t r u c t u r a l  loads f o r  the F- 105D a i r c r a f t  
w e r e  calculated during the p r o g r a m  to d e m o n s t r a t e  the use of the proposed  
s ta t i s t ica l  model .  The  ca lcu la ted  loads  include the ve r t i ca l  s h e a r  load a t  
r ight  Wing Station 1 3 6 .  6 ,  the ve r t i ca l  s h e a r  load at  the root  of the r ight  
horizontal  tai l  s u r f a c e ,  and  the  l a t e r a l  s h e a r  load at the  root  o f  the v e r t i -  
c a l  t a i l .  
c r a f t .  
t r i bu te  airloacls and ine r t i a  loads to the  calculated s h e a r s .  

F i g u r e  6 i l l u s t r a t e s  the locat ion of t hese  load points on the a i r -  
The  shaded a r e a s  indicate  the por t ions  of the  a i r c r a f t  which con-  

,,,,--Vsn W I N G  SHEAR 

P Y L O N  $ 

F i g u r e  6. Two-Vicw Drawing of F - 1 0 5 D  A i r p l a n c  Intl tc a t ing 
Lo( at ions of Calcu la ted  St r i i c t u r a l  Loads 
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I -  

T h e  following simplified loads  equat ions ,  developed in 
Appendix C, w e r e  used  to calculate  a t i m e  h i s to ry  of the loads  dur ing  each  
descending lef t  t u r n  in  the da t a  sample  and to p red ic t  the load s p e c t r u m s  
f r o m  the s t a t i s t i ca l  model :  

( 1 )  Simplif ied equation fo r  the  wing s h e a r  load a t  Stat ion 136. 6 
( a l s o  ca l led  Locat ion 6 A ) :  

rt. -0- 

.15547 Wn, t .000138 Iy& - .000596 Ixp '6A = 

n n 

1 Y i  
L-/ 1 g  

-nz wi t .01745 (7 w .  - 
i =  1 i =  1 

( 2 )  Simplified equation for  the  ve r t i ca l  t a i l  s h e a r  load a t  root:  

VRVT = . lo61  Wny - .  000741 1,; t .000741 I,,; - 889 ny - 3.244 
1 

(3)  Simplif ied equation fo r  the  hor izonta l  t a i l  s h e a r  load at  root :  
4. -a. 

V R H T  = - .0307 Wn, - .000472 Iy{ - 349 nz t 3.86 4 t .993 @ 

The following assumpt ions  w e r e  m a d e  in these  approxi -  
m a t e  equat ions:  

( 1 )  The c e n t e r  of grav i ty  is f ixed.  

( 2 )  The shape  (not the magnitude) of the  aerodynamic  d i s t r ibu -  
t ions and the  aerodynamic c e n t e r s  for  each  aerodynamic  
s u r f a c e  a r e  fixed. This p r e m i s e  a s s u m e s  no significant 
va r i a t ion  in  Mach number  and dynamic p r e s s u r e  and ignores  
the change in  the c e n t e r s  of p r e s s u r e  due to cont ro l  def lec-  
t ions ,  angle  of a t tack ,  angle  of yaw, and ro l l  angle .  

(3)  The aircraft responds  a s  a r igid body 

(4) The contr ibut ion of second o r d e r  t e r m s  is  insignificant.  

The  a i r c r a f t  g r o s s  weights and moment s  of i ne r t i a  w e r e  
evaluated f o r  each  descending left tu rn ,  as  desc r ibed  in  Appendix C .  
ca l cu la t e  m o r e  a c c u r a t e  loads  r equ i r e s  that  the constant  coefficients used 
in  the  equat ions be functions of Mach number  and dyriarriic p r e s s u r e .  

To 
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Although m o r e  a c c u r a t e  loads would be  r equ i r ed  for de -  
s igning a i r c r a f t ,  t he  above equations a r e  sufficiently comple te  f o r  i l lus  - 
t r a t i n g  the u s e  of t h e  s t a t i s t i ca l  model  p re sen ted  in  th i s  s tudy.  

2 . 4  DescriDtion of S ta t i s t ica l  Maneuver  Model 

Any technica l  p r o g r e s s  in  using flight loads  da ta  to  e s t i m a t e  
s t r u c t u r a l  loads obviously r e q u i r e s  soime type of s t a t i s t i ca l  desc r ip t ion  
of the  data leading to a dis t r ibut ion of the loads.  Moreove r ,  if s t a t i s -  
t i ca l  quantit ies a r e  to  desc r ibe  populations meaningfully,  the  un ive r se  
of fl ight loads da ta  m u s t  be so s t r a t i f i ed  into subpopulations tha t  each  
subpopulation m a y  be p r e c i s e l y  defined and that  the  innate  va r i a t ion  in  
the  universe  m a y  be  reduced.  
t u r n  w a s  se l ec t ed  as  a t r i a l  subpopulation; and a model  to  pred ic t  t he  
dis t r ibut ions of peaks of load cyc les  in  th i s  subpopulation w a s  formula ted .  

As d i s c u s s e d  above,  the descending l e f t  

The e s sen t i a l  f ea tu re  of the model  i s  i t s  accounting fo r  the t ime  
change of t he  s t a t i s t i ca l  p r o p e r t i e s  of the basic  p a r a m e t e r s  within the popu- 
la t ion  of descending left  t u r n s .  Consequent ly ,  d i s t r ibu t ions  of p a r a m e t e r s  
a r e  maintained at va r ious  t i m e  s l i c e s  and not used until  the  c r i t i c a l  t i m e s  
have been de te rmined .  The  only s t a t i s t i ca l  a s sumpt ion  in the model  is  the 
independence of all r andom v a r i a b l e s ;  that i s ,  if two d is t r ibu t ions  a r e  to 
be combined in any fashion,  t hese  d is t r ibu t ions  a r e  a s s u m e d  to  be inde-  
pendent .  

The  appl icat ion of the model  cons i s t ed  basical ly  of four  s t eps :  
da t a  reduct ion,  normal iza t ion ,  der iva t ion  of s t a t i s t i ca l  desc r ip t ion ,  and 
calculation of loads d is t r ibu t ions .  
compar ison  of d is t r ibu t ions  der ived  f r o m  the mode l  with those  d i s t r i b u -  
t ions "observed" f r o m  load t i m e  h i s t o r i e s  of e a c h  desccntling left tr irn.  
The  s t e p s  a r e  i l lus t ra ted  in detai l  by a comple t e  appl icat ion of the niodel 
to a wing load, a ve r t i ca l  t a i l  load ,  and a hor izonta l  tai l  load dur ing  d c -  
scending left t u rns .  

Also included in this  study was  the 

2 .  4. 1 Data Avai lable  

Since the data reduct ion p r o c e s s  was  d i s c u s s e d  abovc ,  
th i s  section a s s u m e s  the complet ion of  the da t a  rcduc t ion s t e p  and the  
availabil i ty of the t ime  h i s t o r i e s  o f  the  bas ic  p a r a m e t e r s  in c o r r c c t  uni ts  
fo r  each  of 3 1 8  descending left  t u rns  ( h e r e a f t e r  r e f e r r e d  to a s  "Inaneuvcrs"  
s ince  no other maneuver  type was  p r o c e s s e d  in  th i s  s tudy) .  

2 .  4. 2 Normal iza t ion  
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the  d i ~ t r i b u t i o n s  of values  a t  var ious  t i m e  s l i c e s ,  t he re fo re ,  r e q u i r e s  f i r s t  
al igning the  bas ic  p a r a m e t e r s  a s  m u c h  a s  possible  so that  t h e m  d i r t r i b u -  
t ions m a y  have def ini te  meaning. F i g u r e s  7 and 8 display,  respec t ive ly ,  
the p and r t r a c e s  f o r  10 maneuver s .  Although these  tracere ehow that the 
t ime  s l i c e  va lues  would have no meaning,  the  d e g r e e  of shape similarity 
among the  t r a c e s  indicate5 that  the t r a c e s  could be i n t e r r e l a t e d  advanta- 
geouely if the  time ax i s  f o r  each  maneuver  w e r e  t r a n s f o r m e d .  
though the m a x i m u m  ampli tudes of the t r a c e s  a r e  r e l a t ed  to the  a i r c r a f t  
type and would v a r y  f r o m  type to type,  normal iz ing  of the ampl i tudee ,  i t  
is hypothesized,  would make  the p a r a m e t e r s  independent of the a i r c r a f t  
type.  
t r a c e s .  S t r i c t ly  speaking, however,  the ampli tudes f o r  t h i s  one a i r c r a f t  
type did not have to  be normal ized .  

Again, al- 

Consequently,  the  t i m e  and ampli tude w e r e  normal ized  to a l ign the  

a 
w 
I- 

p: 
* 

F i g u r e  7.  Plots of Non-Normalized Roll Rate  v e r s u s  T i m e  fo r  
T e n  Descending Left Turns  

The horizontal ,  o r  t i m e  s c a l e ,  normal iza t ion  fac tor  f o r  
all p a r a m e t e r s  within a maneuver  was  der ived  f r o m  the p t r a c e .  Since 
the  e s t ima ted  t i m e  of a descending left  t u r n  had a ve ry  high co r re l a t ion  
with the  d i f f e rence  between the  t ime of peak posit ive p (tPmax ) and the 
t i m e  when the  p t r a c e  f i r s t  goes negative ( t p - ) ,  the time t r ans fo rma t ion  
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w a s  given by 
t - t  

t ’  = P-  

T h e s e  t e r m s  w e r e  chosen  f o r  normal iz ing  because  of 
the  e a s e  of identifying the t e r m s  among  the d a t a .  In the no rma l i zed  t i m e  
s c a l e ,  t ’  = 0 c o r r e s p o n d s  to the t i m e  when the p t r a c e  f i r s t  goes  negat ive 
(which is actual ly  the s t a r t  of the m a n e u v e r ) ,  and  t ’  = 1 c o r r e s p o n d s  to 
the t i m e  when’ the p t r a c e  r e a c h e s  i t s  mas in iuni  va lue .  
w e r e  c a r r i e d  t o  t ’  = 1 .  1 which is  longer  than  the a v e r a g e  ac tua l  m a n e u v e r  
length.  

A l l  ca lcu la t ions  

t 
- I o L  F igu re  8. P lo t s  of Non-Norina1izc.d Yaw Acce le ra t ion  v e r s u s  

T i m e  for  T e r ~  Descending Lcft  T u r n s  

T h c  ampl i tudcs  of  t h t  t rei< t’s w c r c  norn ia l izcd  individu- 
a l ly  with each  t r a c e  being d iv id t~d  by i t s  . ~ h s o l i i t e  dt.viation f r o m  z e r o .  
absolu te  deviation w a s  sc lcc t  cd  a s  < L  norninl i / ,a t ion f a <  t o r  o v e r  cithcar the 
m a x i m u m  o r  ni inimum v n l u v  bc(  a ~ i s t ’  t l i c  t r t i ( . v  rcpresc-ntiiig a p a r t i c u l a r  
p a r a m c t e r  may n e v e r  Iiecornc nc)gnt iv t ’  t l i i r  iiig o n e  I Y ~ ~ ~ ~ C U V C ~ ~  and posi t ive 
dur ing  another  rnanc’uvcr. 
possibi l i ty  of a norriializatloii f a t  tor involving ;i ~ ~ 1 - 0  <iivision, and ,  f inal ly ,  
al l  no rma l i zed  anip1itudt.s w i l l  f a l l  b ( ~ t w c ( ~ n  f I 

The  

T h c s  a l ~ s o l ~ i t c ~  tl(bviation a l so  c i r c u m v c n t s  the 
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F i g u r e s  9 and 10 showing the  r e s u l t  of the normal iza t ion  
on the t r a c e s  of F i g u r e s  7 and 8 indicate  cons ide rab le  var ia t ion  s t i l l  exist- 
ing. However ,  s ince  the remain ing  var ia t ion  is due p r i m a r i l y  to pilot 
technique,  i t  cannot be r emoved .  (Although the t r a c e s  could be bet te r  
a l igned by a d i f f e ren t  t i m e  normal iza t ion  f ac to r  f o r  each  p a r a m e t e r ,  the 
r e l a t ive  magni tudes  between t r a c e s  within a maneuver  would be l o s t .  ) A s  
a f u r t h e r  example  of the  var ia t ion  f r o m  pilot to pilot, F i g u r e  1 1  p r e s e n t s  
the  r o l l  rate t r a c e s  f o r  descending left  t u r n s  p e r f o r m e d  by two different  
p i lo t s .  As c a n  be seen ,  one  pilot ro l led  into the  t u r n  much f a s t e r  than the  
o t h e r  and pulled out of the  t u r n  m o r e  slowly. Obviously,  when the t r a c e s  
a r e  norma l i zed ,  the e a r l y  negative p peaks  wi l l  be s p r e a d  f u r t h e r  a p a r t .  
As i l l u s t r a t ed  in  F i g u r e  12,  two m a n e u v e r s  pe r fo rmed  by a pilot du r ing  
a s ingle  flight exhibi t  the same type of var ia t ion .  
technique cannot  be e l imina ted ,  i t  c a n  only be m e a s u r e d  and r eco rded  in 
the  f o r m  of s t a t i s t i ca l  d i s t r ibu t ions .  

Since the effect  of pilot 

P r i m e s  are  used to denote  t r a n s f o r m e d  (no rma l i zed )  
va lues  . 

F i g u r e  9. P l o t s  of Normalized Rol l  Rate  versus Normal ized  
T i m e  for T e n  Descending Left T u r n s  
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Figure  10. P lo t s  of Norma l i zed  Yaw Accelera t ion  v e r s u s  
Normal i zed  Time f o r  T c n  Dcscending Left T u r n s  
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Figure  11. Graph to  Illustratcx P i lo t - to -p i lo t  Var ia t ion  in  Roll 

Rate  T r a c e  During Dcscending Lcft  T u r n s  
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2 . 4 .  3 Derivat ion of S ta t i s t i ca l  Descr ip t ion  

S ince  the normalized va lues  a r e  uni t less ,  t hey  cannot ,  
of c o u r s e ,  be used to  gene ra t e  d is t r ibu t ions  of loads .  Denormalizat ion,  
t h e r e f o r e ,  r e q u i r e s  re ta in ing  sufficient information f r o m  the or ig ina l  da t a .  
T h e  d i s t r ibu t ions  to be denormalized include the d is t r ibu t ions  of ampli tude 
no rma l i z ing  f a c t o r s  f o r  e a c h  p a r a m e t e r ,  the d is t r ibu t ion  of maneuver  
l eng ths ,  the  d is t r ibu t ion  of "constants" o r  conditions (weight,  Mach nuni- 
b e r ,  and m o m e n t s  of i n e r t i a )  which a p p e a r  i n  the loads equation, and the 
a v e r a g e  of the posi t ive and negative peak t r ans fo rmed  va lues .  
w a s  used to  develop a t ime  adjustment  f a c t o r ,  as d i scussed  l a t e r .  

The l a s t  

F r o m  the  normal ized  p a r a m e t e r  t r a c e s ,  d i s t r ibu t ions  
at 25 d i f fe ren t  t i m e s  w e r e  der ived.  
suf f ic ien t  t r - ,  develop the  dis t r ibut ion of any load during descending left  
t u r n s .  The  t i m e  s l i c e  values  chosen include a l l  mult iples  of t '  = 0. 05 f r o m  
0 t o  1. 1 and the  two va lues  t '  = 0. 975 and t '  = 1. 025 which a r e  c r i t i c a l  with 
r e s p e c t  t o  the  peaks of s o m e  p a r a m e t e r s .  
but ions yielded a n  a v e r a g e  imrmalized t i m e  h is tory  fo r  each of the  pa -  
ramet e r s  . 

T h e s e  dis t r ibut ions w e r e  cons idered  

The m e a n s  of t hese  25 d i s t r i -  
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F i g u r e s  13 through 21 p re sen t  the a v e r a g e  t ime h i s to r i e s  
of 9 basic  p a r a m e t e r s .  
independent s e t s  of da ta  and a composi te  of them w e r e  plotted to p e r m i t  
da ta  compar i sons .  Se t  I,  the f i r s t  s e t  of p r o c e s s e d  da ta ,  contains  68 ma- 
n e u v e r s ;  S e t  I1 contains  132; and Set 111 contains  118. In addition, on each  
f igu re  is  a c o r r e c t e d  composi te  of the th ree  s e t s .  ( C o r r e c t e d  composi tes  
f o r  n,, p ,  q ,  and r a r e  not shown s ince  these  p a r a m e t e r s  w e r e  not used 
dur ing  th i s  program. ) The c o r r e c t e d  ave rage  t r a c e  was der ived  f r o m  the 
a v e r a g e  t r ace  by adjusting each  value s o  that t h e  posit ive peak of the a v e r -  
age  t r a n s f o r m e d  t i m e  h is tory  a g r e e d  with the ave rage  of the individual 
t r a n s f o r m e d  posi t ive peak values  and the negative peak of the ave rage  t r a n s -  
f o r m e d  t ime h i s to ry  a g r e e d  with the ave rage  of the individual t r a n s f o r m e d  
negative peak va lues .  Depending on t h e i r  s igns ,  all o ther  values  w e r e  ad-  
jus ted  proportionately.  The  meails of adjustment  w a s  the t i m e  adjustment  
f ac to r  which was  introduced to  account fo r  the peak values  not aligning 
per fec t ly  in  the  t r ans fo rmed  t i m e  sca l e .  

Since the da ta  were  p r o c e s s e d  in  batches,  t h ree  
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The c o r r e c t e d  average  t r a c e s  r ep resen t  the best  e s t i -  
ma te  of the relat ionship between the p a r a m e t e r s  during a descending l e f t  
turn.  By introduction of a n  average  p a r a m e t e r  value,  therefore ,  an  a v e r -  
age descending le f t  t u rn  c a n  be descr ibed and a n  average  t ime  his tory of 
a load can  be genera ted .  
Appendix C ,  the .b ave rage  wing ( V c i ) ,  root  horizontal  t a i l  ( V L H T ) ,  and root 
ver t ica l  ta i l  (V&T) loads w e r e  calculated fo r  Condition 1 ; these loads a r e  
displayed in  F i g u r e s  22, 23 and 24, respect ively.  These f igures  indicate 
that the wing load p a s s e s  through one long posit ive load cycle ,  the hor i -  
zontal t a i l  load passes  through one long negative load cyc le ,  and the v e r -  

t i ca l  tail p a s s e s  through a load cycle having a n  ea r ly  positive peak and a la te  
negative peak. 
havior .  
c r ibes  the loads distributions in a n  average  descending lef t  turn.  
of the average  load peak values were  then  se lec ted  a s  c r i t i ca l  t i m e s ;  and, 
the  distributions of the t ransformed p a r a m e t e r  values a t  these  criticaL 
t i m e s  w e r e  co r rec t ed ,  denormalized and used  to genera te  the distribueions 
of the  peak values  of the load cycles. This  p r o c e s s  is i l lustrated in  F igure  
25 w h e r e  i t  is a s sumed  that ;and n a r e  the  only contributors to  the ver t ica l  

Y 
tail load. The 5 and n distributions w e r e  recorded  at  s eve ra l  t i m e  s l i ce s ;  
then, a f t e r  the  t ime  of the load peak had been determined,  the distributions 
at this  time s l i ce  w e r e  used to  calculate t he  peak loads distributions.  

Through the simplified equations developed in 
.L 

The average  t r a c e s  for  Condition 2 exhibited identical  be-  
The distribution of t h e  peak values  of t hese  load cycles  fully d e s -  

The t imes  
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Figure  25. Example of Normalized P a r a m e t e r  and Load Distr i -  
butions at the Selected Times  

In summary ,  the s ta t is t ical  descr ipt ion of the data con- 
s i s t s  o f  the following: 

( 1  ) The distribution of peak values which a r e  used in denor-  
nialization. 

( 2 )  The distribution of maneuver lengths which can bc u s c d  
to reintroduce r e a l  t ime .  

( 3 )  The distribution of "constants" o r  conditions which appear 
i n  the loads equation. 

(4) The average  positive and negative peak t ransformed 
values which de termine  the t ime adjustment fac tor .  

( 5 )  The distributions of t ransformed values a t  25 preselected 
t imes  which a r e  used to generate  distributions of the 
peaks of load cycles  a t  the c r i t i ca l  tirncs. 

( 6 )  The co r rec t ed  mean time his tory of a l l  pa rame te r s  
which a r e  used to generate average loads which, in t u r n .  
de te rmine  the c r i t i ca l  time of loads.  
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2 . 4 .  4 Ca lcu la t ion  of L o a d s  Di s t r ibu t ions  

Accord ing  to the  s t a t i s t i c a l  d e s c r i p t i o n  g iven  in  Sec t ion  
2 . 4 .  3 ,  d i r e c t i v e s  f o r  t he  d e r i v a t i o n  of p e a k  l o a d s  d i s t r i b u t i o n s  c o n s i s t  of 
t he  fol lowing two s t e p s :  

( 1 )  F o r  a p a r t i c u l a r  l oad ,  d e n o r m a l i z e  the  t i m e  slice d i s -  
t r i bu t ions  f o r  e a c h  r e l e v a n t  p a r a m e t e r  a t  t h e  t i m e  of 
c r i t i c a l  load  by adding  the  t i m e  a d j u s t m e n t  f a c t o r  to  the  
n o r m a l i z e d  va lues  and  f inding t h e  d i s t r i b u t i o n  of t he  
product  of t h e  d i s t r i b u t i o n  of c o r r e c t e d  n o r m a l i z e d  
p a r a m e t e r  va lues  a n d  the  d i s t r i b u t i o n  of p e a k  p a r a m e -  
t e r  v a l u e s .  F o r  a g iven  t ' ,  the  t i m e  a d j u s t m e n t  f a c t o r  
i s  s i m p l y  the  c o r r e c t e d  m e a n  m i n u s  t h e  u n c o r r e c t e d  
m e a n  a t  tha t  t ' .  
found e m p i r i c a l l y  by a s s u m i n g  independence .  C o n s e -  
que n t 1 y , d i s t r i bu t i o n s d i s p 1 a y i ng the  r e 1 a t  i v e ma gn i t ud e 
of t h e  p a r a m e t e r s  a t  the  t i m e  s l i c e  o f  i n t e r e s t  r e s u l t .  

T h e  d i s t r i b u t i o n  of t he  p r o d u c t  is 

( 2 )  Uti l iz ing the  p a r t i c u l a r  l o a d s  equa t ion ,  d e t e r m i n e  t h e  
e m p i r i c a l  d i s t r i b u t i o n  of the  load  by combin ing  the  
con t r ibu t ions  f r o m  the  p a r a m e t e r s  as  ind ica t ed  by t h e  
loads  equat ion .  
ca l cu la t ion  f o r  a v e r t i c a l  t a i l  l oad :  

T h e  fol lowing equa t ions  show a typica l  

J. -8. 

V R V T  = 2741 "Y - 161 - 1. 74  

P [ V R V T  = P f 2741 iiY 1 - 161  1 - 1 . 7 4  5 A 

w h e r e  

pc ( ' ) deno tes  p robab i l i t y  mass  func t ion  f o r  p a r a m e t e r  5 

(Y deno tes  g r e a t e s t  v a l u e  of k for wh ich  

( A  - 2741 nyi t 161 i j) p 2- 
k 1 . 7 4  

1 
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I .  

f3 denotes grea tes t  value of j for  which 

r j  2 - I ( A  - 2741 n i )  
161 Y 

m denotes greatest  value of i 

The method for the calculation of the distributions of the 
peaks of the load cyc les  will be explained in detail  by car ry ing  out the pro-  
cedure  for  the wing load, the horizontal t a i l  load, and the ver t ica l  tai l  load. 
A l l  318 maneuvers  a r e  represented  in these calculations.  
from the th ree  s e t s  compris ing the composite data sample a r e  presented 
in Appendix E for  comparison.  

But the resu l t s  

In this  study the maneuvers  were  separated into two con- 
dit ions depending upon whether the gross  weight was above o r  below 36,  000 
pounds. Table 12 in Appendix A l i s t s  the average values of the calculated 
"constants".  Different peak distributions were  maintained for  each of the 
conditions since the peak distributions could ref lect  the pilot 's  intention to 
adjust  h i s  flying habits in  accordance with the g r o s s  weight. 
follows for  the two conditions a r e  the appropriate  loads equations for  the 
wing load: 

Given as  

Condition 1: V t A  = 4567 n, + 2 7 . 8  q - 7.46 p 

Condition 2: V c i  = 5109 n + 28 .4  ;1 - 8 . 6 6  p 

Figure  22 indicates that the single peak of the one load 
cycle during a descending left tu rn  occurs  on the average a t  t '  
f o re ,  the nZ ' ,  h ' ,  and p' distributions a t  t '  = . 6 0  a r e  denornialixcd. Thc 
normalized,  peak, and denormalized pa rame te r  distributions for  Condition 1 
a r e  presented in Table  4. 
tr ibution with the cor rec t ion  factor added; the middle distribution i s  thc. 
distribution of peak o r  normalizing f ac to r s ;  and the distribution a t  thc 
bottom rep resen t s  the product of the other  two distributions.  

. 6 0 .  Thc.1-c- 

The distribution at  the top i s  thv normalized d i s -  

F igu re  26 displays for  each of the two conditions the p r e -  
dicted and observed distributions of the peaks of the load cycle .  
s c i s s a  of this f igure i s  load in pounds and the ordinate i s  the probability 
of a peak of a load cycle being l e s s  than o r  equal to the indicated load. 
Through the above equations, the observed distributions were  determined 
f r o m  t ime his tory calculations of the load for  each maneuver .  The figure 
shows excellent agreement  between the predicted and observed dis t r ibu-  
t ions.  
of the equality of the two distributions a t  a level of significance of . 0 5 ,  
the distributions f r o m  the present  sample a r e  not significantly different.  

The ab-  

Since a Kolmogoroff-Smirnov tes t  failed to reject  the hypotliesis 
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TABLE 4 

Dis t r ibu t ions  of nz, p and q at t '  = 0. 6 0  fo r  Condition 1 
Used  in P red ic t ing  the  P e a k  Wing Load Dis t r ibu t ion  
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m 
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1 9, ' 
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0 O B S E R V E D  LOADS-CON0 I 
P R E D I C T E D  L O A D S  - C O N 0  -.- 
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0 O B S E R V E D  L O A D S - C O N 0  2 

PREDICTED LOADS-COND 2 

/' /' 
' 0  

/ ' ,  --- -  
.-J- .a cj O F - z  L, I I I I L 1 I I 1 1 

5,000 10,000 I5,OOO 

PEAK WING LOAD - POUNDS 

F i g u r e  26. P r e d i c t e d  and Observed Cumula t ive  Probabi l i ty  v e r s u s  
P c a k  Wing Load fo r  Weight Condi t ion 1 ( 1 8 5  t u r n s )  and 
Weight Condition L (133  t u r n s )  

3 0  



L -  

Given as follows for the two conditions a r e  the approprl-  
a te  loads equations f o r  the horizontal tai l  load: 

Condition 1: * VRHT = -1399 nz - 91. 1 q + . 993 p 

VRHT * = -1506 nz - 93. 1 q + . 993 p Condition 2: 

Figure  23 shows that on the average 0 ~ 1 ~ ~  negative load 
c y (  le appears  on thr  horizontal tail and that the negativtl pcak occtirs at 
t '  = 0. 55  Therefore ,  t h e  nZ', $ ' ,  arid q distributions a t  t '  = 0. 55 are de- 
normalized. Table 5 presents  the nurmalized, peak, ant1 denormalized 
parameter  distributions analogously to  Table 4. 

TABLE 5 

Dietributions of nz, and 4 at t '  = . 55 f o r  Condition 1 Used in 
Predicting the Negative Peak Horizontal Tail Load Distribution 

915 UjLI C Y 5  
Ilh4 r ) Y l L .  0755  

1 6  I H  z n  
0435 I 1 5 0  1196 

I 4  1 6  I H  
o i i n  on11 l o i t  

. 2 7 Z  172 1'71 
0915 1 6 3 %  S l 1  

30 40 50 
2120 1 1 %  o w  

7 5  2 %  2 5  
1444 3 8 l h  1417 

835 160 660 
0283 0151 01ab 

2 2  2 4  1 6  2 e  3 0  1 2  I 4  
1516 2111 1141 O W 1  0652 03.90 0163 

1 0  1 2  2 4  Z b  2 8  1 0  I . ?  1 4  3 6  
I N I S  I M P  I 6 5 1  I406 0594 04411 0441 0244 0097 

~ o m  . IZU . Zzn - mi 5211 
ZZII 1 1 0 1  n41z o z w  0 1 ~ 7  

60 i n  
O l h l  0109 

1 5 I5 - 2 5  
05117 o t m  no36 

Figure  27 displays for t h e  two conditions the predicted 
and observpd peak load distributions for the horizontal ta i l .  Again there  
i s  excellent agreement ,  and the two sample distributions a r e  not signifi- 
cantlv differcnt .  For these curves,  the ordinate represents  the prob- 
ability of rxceeding the indicated load o r  the probability of being less  than 
the absolute value of the load. 
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F i g u r e  27. P r e d i c t e d  and Obse rved  Cumula t ive  P robab i l i t y  v e r s u s  
P e a k  Hor izonta l  T a i l  Load f o r  Weight Condition 1 
(185 t u r n s )  and Weight Condi t ion 2 (133 t u r n s )  

Given as  follows f o r  the  two condi t ions a r e  the a p p r o p r i -  
a t e  loads  equat ions f o r  the v e r t i c a l  tail load:  

.3< 

Condition 1 :  

Condition 2 :  

VF;'V* = 2741 ny - 161 r - l ' . 7 4  p 

VRVT = 3110 ny - 165 r - 1 . 7 8  p 
\VI 

Refe rence  to  F i g u r e  24 ind ica t e s  t ha t  t he  a v e r a g e  load 
cyc le  on  the  ve r t i ca l  t a i l  cons i s t s  of a pos i t ive  peak  at t '  = 0. 15  and a nega -  
t ive  peak  at t '  = 0. 975. 
a r e  impor t an t  f o r  t he  v e r t i c a l  t a i l ,  two s e t s  of p a r a m e t e r  va lues  m u s t  be 
der ived .  Tables  6 and 7 p r e s e n t  ana logous ly  t o  T a b l e  4 t h e  n o r m a l i z e d ,  
peak ,  and denorma l i zed  p a r a m e t e r  d i s t r ibu t ions  f o r  t '  = 0. 15 and  t '  = 0.  975, 
r e6 pect ive ly . 

Consequent ly ,  s i n c e  two d i s t r ibu t ions  of peak  va lues  

F i g u r e s  28 and 29  p r e s e n t ,  r e s p e c t i v e l y ,  t he  p r e d i c t e d  
and o b s e r v e d  peak load d i s t r ibu t ions  f o r  t '  = 0. 15  and  t '  = 0. 975 for  t h e  two 
condi t ions.  Again, t he  d i f f e rences  in  the  d i s t r ibu t ions  a r e  not s t a t i s t i ca l ly  
s ignif icant .  
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TABLE 6 

I 

Distributions of n and r at t '  = . 15  for Condition 1 Used in 
Predic t ing  the  Posi t ion Peak Vert ica l  Tai l  Distribution Y' 

Class  Uldpoint 8 7 9  6 7 9  4 7 9  L7V (179 - 121 - 321  5 2 1  721 921 
Relallve Froqurncy 0063 OLZO I006 I101 2264 1019 O H l U  U n l U  0252 o. l l0  

Clam. Midpo lnt  10 LO 30 40 xl f,(I 7 0  
Rclatrve Frequency 1685 4130 2120 IlVb 0 5 Y U  0 I63 u l o o  

C l a s s  Midpoint 4 5  15 2 5  I 5  5 5 15 2 5  35 4 5  5 5  

Relatwe F r e q u e n c y  0 0 1 4  nofz 0162 n h 7 n  1774 J Q L ~  0'457 n ( I L  oova o o w  001% 

0 5 00 IO00 I500 2 000 

PEAM POSITIVE VEATtCAL TAIL L O A 0  - POUNOS 

F i g u r e  28. Pred ic ted  and Observed Cumulative Probabili ty ve r sus  
Peak Posi t ive Vertical  Ta i l  Load for Weight Condition 1 
(185  t u r n s )  and Weight Condition L ( 1 3 3  t u r n s )  
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TABLE 7 

Distr ibut ions of n h and a t  t '  = . 975 fo r  Condition 1 Used  in 
Y '  P red ic t ing  the  Ndgative P e a k  V e r t i c a l  T a i l  Dis t r ibu t ion  
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F i g u r e  29. P r e d i c l c d  and Obse rved  Cumula t ive  P robab i l i t y  v e r s u s  
P e a k  Ncgat ive V c r t i c a l  T a i l  Load  f o r  Weight Condi t ion 1 
(185 tu r l l s )  and Wc,ight Condi t ion 2 (133 t u r n s )  
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Since the level-flight (nz = 1.  0) ver t ical  t a i l  load is zero,  
the load peaks fo r  Conditions 1 and 2 oscil late about the same  value. 
fore ,  the load probability calculations can be c a r r i e d  one s tep fur ther  by 
combining the distributions for  the two conditions by a weighted average of 
the curves f o r  each condition. 
composites and the composite observed distributions for  t '  = 0. 15 and t '  = 
0. 975, respectively.  
loads would have no par t icular  meaning since different conditions imply 
different level-flight loadings. 

There-  

Figure 30 and 31 present  these  weighted 

Similar composites for  the wing and horizontal tai l  

0 500 I O 0 0  I300 2 000 

PEAK POSITIVE VERTICAL TAIL LOAD - POUNDS 

Figure  3 0 .  Predicted and Observed Cumulative Probabili ty versus  Peak 
Posit ive Vertical  Tai l  Load f o r  Composite of 318 Turns 
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F i g u r e  31. Predicted and Observed Cumulative Probabili ty versus  Peak 
Negative Vertical  Tail  Load for Composite of 3 1 8  Turns 
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The  p r e s e n t  c f f o r t  has t i ( , i r i o t i s t r , t t ( , t l  t h c  f o r m  o f  t h e  s t< i t i s t ic  A I  
m o d e l  of n o r m a l i z e d  p a r a i i i c t v r s  for on(' t r i c i n ( ~ i i v ( ~ r  type. and t h c  prct l ic  t l o t i  

of t h r e e  s a m p l c  m a n e u v e r  l o a d  p r o b a l j i l i t y  c t i r v e s  by kisilig (XqLiations for 
two f l ight  c o n d i t i o n s  f o r  thc, F -  105D a i r p l a n e , .  
a p a r t i a l  s o l u t i o n  t o  the  p r o b l t ~ m  o f  a p p l y i n g  t h c  iiiocI(~1 t o  d e s i g n  c r i t ( , r ia .  

€Iowctvc.r, t h i s  t . f f o r t  I S  on ly  

2. 5. 1 C a l c u l a t i o n  o f  Mant , r ivcr  F a t i g t i v  Loads Spctctruni I_-_ 

T h e  p r e d i c t i o i i  o f  an ac cura t ( ,  i i ia i ieuver  fa t igi ie  l o a d s  
s p c c t r u r r i  for an a i r c r a f t  by u s i n g  thc  s t a t i s t i c  <il r n o d t l  r ~ ~ q ~ i i r o s  thc. f o l l o w  
i n g  : 

( 1 )  A s e t  o f  d i s t r i b u t i o n s  of 1ioriri.11izc.d p a r a i n c t c r  valcivs 
a t  s e l c c t c d  t i m e  s l i c e s  for  ;ill i r i a n ( ~ u v e r  t y p e s .  



o r  fatigue spec t rum,  giving the magnitude and number of peak maneuver  
!ozds zt each l eve l  of a steady level-flight (nz = 1.  0 )  load. 

The probabili ty c u r v e s  ( F i g u r e s  26 through 31) in  the 
previous sect ion can  be used to i l lustrate  the predict ion of a maneuver 
loads fatigue spec t rum.  F o r  demonstrat ion purposes ,  a s sume  that a 
typical F-105D a i rp lane  will  pe r fo rm 13, 000 descending left t u rns  during 
i t s  l i fe t ime and that this  is the onl\- maneuver  type per formed.  
fu r the r  that  8 ,000  of these  tu rns  w 11 be in Condition 1 and the remaining 
6 ,  000 will  be in  Condition 2. 
fatigue spec t rum f o r  the wing load, o r  wing s h e a r ,  a t  location 6A, was  
calculated.  The level-fl ight (nZ = 1 . 0 )  wing loads for  Conditions 1 and 2 
a re  4567 and 5109 pounds, respectively.  The number  and ranges  of ma- 
neuver  peak loads a t  level-fl ight loads of 4567 and 5109 pounds were  ca l -  
culated f r o m  the probabili ty c u r v e s  for Condition l and 2 in F igu re  26 and 
the a s sumed  dis t r ibut ion of maneuvers  by condition. 
the calculated wing load fatigue spec t rum.  
column r e p r e s e n t s  the number  of cycles in that peak load range.  

A s s u m e  

With these assumpt ions ,  the maneuver  loads 

F i g u r e  32 i l l u s t r a t e s  
The  value a t  the top of each 

I -  

%. \ .  

F i g u r e  32. Maneuver Fatigue Load Spect rum of Wing Shear Load 
(v6A) Represent ing 14 ,000  Descending Left Turns 
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F i g i i r c  3 3  d e p i c t s  t he  h o r i z o n t a l  t a i l  l o a d ,  o r  s h e a r  load 
a t  the  r o o t  of t he  h o r i z o n t a l  t a i l ,  f a t igue  s p e c t r u m  which  w a s  c a l c u l a t e d  by 
us ing  the  s a m e  a s s u m p t i o n s .  
l o a d s  for Condit ions 1 and  2 a r e  -1399 and  -1506 pounds ,  r e s p e c t i v e l y .  

T h e  l eve l - f l i gh t  (11, - 1 .  0 )  h o r i z o n t a l  t a i l  

F i g u r e  3 3 .  Maneuver  F a t i g u e  Load S p e c t r u m  of H o r i z o n t a l  T a i l  S h e a r  
Load (vRHT) R e p r e s e n t i n g  1 4 ,  000 Dc,scending L c f t  T u r n s  

For  the  v e r t i c a l  tail l oad ,  o r  s h c a r  load a t  t hc  root of 
t h e  v e r t i c a l  t a i l ,  a s l igh t ly  d i f f e ren t  ca l cu la t ion  t echn ique  w a s  \ iscd bc-  
c a u s e  the  leve l - f l igh t  (nZ = 1 .  0 )  load is  z c r o  f o r  a l l  f l i gh t  condi t . ions.  F o r  
t h e  v e r t i c a l  ta i l  l oad ,  a con ipos i t c  p robab i l i t y  c l l rvc  ( s c c  F i g u r e s  30 and 
31) was ca l cu la t ed  by weight ing  t h e  p robab i l i t y  c u r v e s  f o r  Condi t ions  1 arid 
2 ( s e e  F i g u r e s  2 8  and  29)  by thc  p e r c e n t a g e  of m a n e u v e r s  p e r f o r m e d  i n  
e a c h  condi t ion  and then  combin ing  t h o  c u r v e s .  
r e q u i r e d ,  ' o n e  fo r  posi t ivv m a n c u v c r  I O i I d  p c a k s  at ic i  onc  f o r  nega t ivc  m a -  
n e u v e r  load  peaks ,  s i n c e  one  peak  occurred i n  eac:h d i r c c t i o n  dt i r ing thr. 
descend ing  left t u r n .  
c o n t a i n s  the  d is t r ibu t ion  o f  maneuvc'rs by f l igh t  cond i t ion ,  only t h e  total 

T w o  c o ~ n p o s i t c >  r u r v c s  w c r c  

Sinct, t h e  v v r t i c a l  t a i l  load p r o l ~ a b i l i t y  c u r v e  a l r c ~ a c l y  
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n u m b e r  of m a n e u v e r s  (14. 000)  i s  r equ i r ed  to  calculatc~ the, fatigrit* s p e c -  
t r u m  f o r  the  m a n e u v e r  loads  
n e u v e r  load s p e c t r u m  with both the  posi t ive and negat ive l o a d  pt ,aks  shown.  
Note tha t  the total n u m b e r  of p e a k s  indicated is 28 ,  000 ,  14, 000 I ~ c i n g  pos i -  
t ive  and 14, 000 negat ive .  
m i s s i o n  type ,  air  b a s e ,  and f l ight  condition on the  s t a t i s t i r ~ l  rriodcl and  
the  m e t h o d s  of handl ing t h e s e  e f f ec t s  i n  the  d v s i g n  c r i t e r i a  

F i g u r e  3 4  i l l u s t r a t e s  thc  v c r t i c a l  ta i l  m a -  

The r e s t  of t h i s  s ec t ion  d i s c r ~ s s ~ s  t h t .  c , f f e c  t o f  

I 

I -  

F i g u r e  34. Maneuver  F a t i g u e  Load S p e c t r u m  of V e r t i c a l  T a i l  S h e a r  
k l a d  WRVT ) Represen t ing  14, 000 Descending Left  T u r n s  

2.  5. 2 E f fec t  of M i s s i o n  and B a s e  

T h e  type  of m i s s i o n s  flown by a n  a i r c r a f t  and  the  b a s e  
from which the  a i r c r a f t  o p e r a t e s  a r e  s ign i f icant  f a c t o r s  in the  d i s t r ibu t ion  
of the  loads  encoun te red .  F o r  example ,  the  d i f f e rence  between the  load 
d i s t r i b u t i o n  on a n  a i r c r a f t  pe r fo rming  m o s t l y  ground gunnery  and bombing 
m i s s i o n s  and  a n  a i r c r a f t  f lying p r i m a r i l y  c r o s s - c o u n t r y  f e r r y  m i s s i o n s  
c a n  be a f a c t o r  of two i n  t h e  ampl i tude  of m a n e u v e r  loads  and a f a c t o r  of 
twenty  in t h e  f r equency  of m a n e u v e r  loads .  
to  p r a c t i c e  gunne ry  and  bombing r a n g e s  c a n  a f f e c t  the  m a n e u v e r  load d i s -  
t r i bu t ion  of the  a i r c r a f t  s ta t ioned  a t  t h e  air  b a s e .  
s t a t ioned  at a n  air  b a s e  c l o s e  to such  r a n g e s  have  a n  apprec i ab ly  h ighe r  
p e r c e n t a g e  o f  f l ight  t i m e  making  passes o v e r  the  t a r g e t  and a c o r r e s p o n d -  
ingly l o w e r  p e r c e n t a g e  o f  t ime  maintaining the re la t ive ly  inac t ive  c r u i s e  
condi t ion  than a i r c r a f t  loca ted  at an a i r  base  r e m o t e  f r o m  the  r a n g e s .  

T h e  p rox imi ty  of an  a i r  base  

Obviously,  a i r c r a f t  
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S i n c e  the  p e r c e n t a g e  d i f f e r e n c e s  c a n  be v e r y  s ign i f i can t ,  t hey  should  be 
inc luded  in  a c o n i p r e h e n s i v e  d e s i g n  c r i t e r i a .  

Des ign  c r i t e r i a  c a n  be developctd only f r o m  d a t a  d e s c r i p -  

S ince  o p e r a t i o n a l  
t i ve  of t he  n u m b e r  of m a n e u v e r s  a n d  percentagcxs o f  t ime spen t  by o p e r -  
a t iona l  a i r c r a f t  i n  v a r i o u s  a i r  b a s e - m i s s i o n  Condit ions.  
r e q u i r e m e n t s  of f u t u r e  a i r c r a f t  m u s t  be p r o j e c t e d  wi th  some unce r t a in ty ,  
t he  d e s i g n  c r i t e r i a  should p r e s c r i b e  s u c h  a fatiguc’ s p e c t r u m  tha t  t hc  new 
a i r c r a f t  be capab le  of p e r f o r m i n g  some  m i n i n ~ u n l  p e r c e n t a g c  of i t s  f l ight  
t i m e  in the  m o r e  s e v e r e  a i r  b a s e - m i s s i o n  cond i t ions ,  
g round suppor t  n i i s  s ion  per for t l ied  f r o m  Whee lus  A i r  E a s e ,  L i b y a .  

s u c h  a s  those  in  the 

2 .  5. 3 Effect  of V a r i a t i o n  in  F l i g h t  Condi t ions  

T h e  p a r a m e t e r s  c o m p r i s i n g  the  f l igh t  condi t ions  which  
p r i m a r i l y  a f f ec t  the magn i tude  and d i s t r i b u t i o n  of l oads  i n c u r r e d  by a n  a i r -  
c r a f t  a r e  g r o s s  weight ,  m o m e n t s  of i n e r t i a ,  mass  d i s t r i b u t i o n ,  a l t i t ude  and  
M a c h  n u m b e r .  T h e s e  p a r a m e t e r s  d e t e r m i n e  the  coe f f i c i en t s  i n  the  a i r l o a d s  
and  i n e r t i a  l oads  equa t ions .  
s i d e  f o r c e  c u r v e s  v e r s u s  a n g l e s  of a t t a c k  and  yaw,  r e s p e c t i v e l y ,  and  c h a n g e s  
i n  the  c e n t e r s  of p r e s s u r e  of t he  a e r o d y n a m i c  s u r f a c e s ,  M a c h  n u m b e r  and  
a l t i t ude  d e t e r m i n e  the  d i s t r ibu t ion  of a i r l o a d s .  
c a l  a i r l o a d s  a r e  dependen t  o n  the g r o s s  weight .  
a f f e c t  t he  c e n t e r s  of p r e s s u r e  and  a i r l o a d  d is t r ibu t . ion  b e c a u s e  they  t s t a b -  
l i s h  the  c o n t r o l  de f l ec t ions  r e q u i r e d  to p r o d u c e  g iven  a n g u l a r  m o t i o n s .  
F i n a l l y ,  changes  in  the  mass  d i s t r i b u t i o n  (due  to v a r i o u s  s t o r e  loca t ions  
and  f u e l  burnoff)  p r o d u c e  c o r r e s p o n d i n g  c h a n g e s  in  t h e  d i s t r i b u t i o n  of i n -  
e r t i a  l o a d s  i n  the s t r u c t u r e .  
t ions  c a u s e  v a r i a t i o n  in t h e  m a n e u v e r  peak  load  m a g n i t u d e s .  
n u m b e r  of m a n e u v e r s  of e a c h  type f o r  e a c h  f l igh t  condi t ion  is  p r i m a r i l y  
a func t ion  of f l igh t  p e r f o r m a n c e ,  the d e s i g n  c r i t e r i a  canno t  p r e s c r i b e  s u c h  
n u m b e r s  b e c a u s e  of t h e  u n c e r t a i n t y  of f u t u r e  f l ight  p e r f o r m a n c c .  
t h e  a i r c r a f t  d e s i g n e r  m u s t  d e t e r m i n e  f o r  h i s  p a r t i c u l a r  a i r c r a f t  t h e  d i s t r i -  
but ion of m a n e u v e r s  for  t h e  v a r i o u s  f l i gh t  cond i t ions .  To  m a k e  t h e  d e s i g n  
r equ i  r e m e n t  s le  s s s t r ing e nt , t h e d e  s i gn e r oft  e n  i m p o  s e s o p e  r a t  io  na l  r e s t  r i c - 
t i ons  t o  p r e v e n t  c e r t a i n  m a n e u v e r s  i n  some of t h e  m o r e  s e v e r e  f l i gh t  con-  
d i t i ons .  T h e s e  r e s t r i c t i o n s ,  h o w e v e r ,  m u s t  be  c h o s e n  s o  t h a t  t h e  p e r f o r -  
m a n c e  of t h e  r e q u i r e d  m i s s i o n  is i n  no w a y  c o m p r o m i s e d .  An e x a m p l e  of 
s u c h  a r e s t r i c t i o n  is  t h e  l i m i t a t i o n  of s o m e  f i g h t e r  a i r c r a f t  t o  6. 0 -g  n o r -  
mal a c c e l e r a t i o n s  when  f ly ing  wi th  f u l l  e x t e r n a l  f u e l  t a n k s .  T h e s e  t anks  
a r e  n o r m a l l y  empty  by the  t i m e  t h e  a i r c r a f t  i s  i n  t h e  t a r g e t  a r e a  but c:an bc 
d ropped  ins tan t ly  should  a n  unexpec ted  c o m b a t  s i t u a t i o n  develop .  

T h r o u g h  c h a n g e s  in  the  s l o p e s  of the  l i f t  and  

T h e  magn i tude  of a l l  v e r t i -  
T h e  m o m e n t s  of i n e r t i a  

T h e r e f o r e ,  the  v a r i a t i o n s  in the  f l ight  cond i -  
S i n c e  t h e  

T h e r e f o r e ,  

T O  d e t e r m i n e  the  d i s t r i b u t i o n  of  m a n e u v e r s  by fl ight con-  
d i t ion ,  t h e  d e s i g n e r  m u s t  deve lop  i n i s s i o n  p r o f i l e s  f o r  c a c h  m i s s i o l i  t y p e .  
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These  profiles indicate the percentage of miss ion  t ime  expected fo r  each  
flight coi id i t i~r ;  2nd the srder i~ which  the conditions nccur .  Then the de-  
s igner  can  super impose  the requi red  maneuvers  on the mis s ion  profile to 
project  a m o r e  rea l i s t ic  distribution of maneuvers  by flight condition. 
Since such  mis s ion  prof i les  have been used in the design of new a i r c ra f t ,  
they should not pose any problems.  

2 .  5.4 Effect of Ai rcraf t  Type and Configurations 

The proposed s ta t is t ical  model was  designed specifically 
to e l iminate  the effects of a i r c r a f t  type f r o m  the normal ized  maneuver  
p a r a m e t e r  t ime  h i s to r i e s .  
revea led  only by comparing the normalized data of F-  105D a i r c r a f t  with 
that of a different a i r c r a f t  type. Although r e su l t s  f r o m  the proposed model 
a r e  quite encouraging, da ta  f r o m  many a i r c r a f t  types mus t  be tes ted before 
the model  may  be incorporated in  the a i r c ra f t  design c r i t e r i a .  

How effective this elimination may be can be 

Even though the effects of a i r c r a f t  type a re  removed f r o m  
the normal ized  maneuver  pa rame te r  time h i s to r i e s ,  the normalizing fac-  
t o r s ,  o r  p a r a m e t e r  peak values ,  f o r  each maneuver  type wil l  s t i l l  depend 
on the a i r c r a f t  type. Consequently, the design c r i t e r i a  must  include a d i s -  
t r ibut ion of pa rame te r  peak values by maneuver type fo r  each  genera l  ca t e -  
gory  of a i r c r a f t  so that  the des igner  can apply the s ta t i s t ica l  model to his  
pa r t i cu la r  type of a i r c ra f t .  Of cour se ,  the distribution of pa rame te r  peak 
values  m u s t  be sufficiently flexible to  permi t  i ts  application to a i r c ra f t  
with radical ly  different design features ,  such a s  the var iable  sweep wings 
of the F- 11 1 ,  and to a i r c r a f t  with a specialized miss ion ,  such a s  the high- 
alt i tude U - 2  a i rp lanes .  In such applications, the des igner  must  choose the 
appropr i a t e  distribution of p a r a m e t e r  peak values .  

The configuration of a n  a i r c r a f t  should not affect the p ro -  
posed s ta t i s t ica l  model except i n  the calculation of its load distributions.  
"Configurations, " a s  used  in  this  repor t ,  denotes the possible  a r rangements  
of in te rna l  and ex terna l  s t o r e s  on  a single a i rplane.  
d e t e r m i n e s  the dis t r ibut ion of the  a i rp lane ' s  mass, it es tab l i shes  the d i s -  
t r ibu t ion  of loads i n  the  a i rp lane ' s  s t ruc ture .  
tha t  his  a i r c r a f t  flying with the mos t  burdensome configuration will  with- 
s tand  the  load spec t rum f o r  each  miss ion  type. 
changes during flight by the dropping of s t o r e s  and the consumption of the  
fue l  load. 
change as wel l  a s  t he  maneuver s  to be per formed in  a par t icu lar  config- 
urat ion.  Consequently, the designer  may specify some  operational l imits  
on the  maneuver s  per formed with the  m o r e  s e v e r e  configurations so  that  
unusual  loading conditions will  not penalize the  overa l l  design. 

Since a configuration 

The  designer  must  be ce r t a in  

The configuration normally 

To some degree ,  therefore ,  the pilot can  control a configuration 

An example 
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of t h i s  is t h e  o p e r a t i o n a l  l i m i t  p l aced  on  n o r m a l  a c c e l e r a t i o n s  f o r  s o m e  
f i g h t e r - b o m b e r s  when  heavy  s t o r e s  a r e  c a r r i e d  e x t e r n a l l y .  Of c o u r s e ,  
a n y  ope ra t iona l  l i m i t a t i o n s  m u s t  b e  a p p r o v e d  by t h e  u s e r .  

2 .  5 .  5 E f fec t  of G u s t s ,  F o r m a t i o n  F ly ing ,  and  S t r u c t u r a l  E l a s t i c i t y  

A s  appl ied  to  the  r e c o r d e d  p a r a m e t e r  t r a c e s ,  t he  t e r m  
" m a n e u v e r "  n o r m a l l y  d e n o t e s  the s m o o t h  low- f requency  de f l ec t ions  with 
p e a k s  l a s t i n g  two s e c o n d s  o r  m o r e .  
r a n d o m  h igh- f r equency  de f l ec t ions ,  t he  input  i s  a t t r i b u t e d  to  the  e f f ec t s  of 
t u r b u l e n c e  u n l e s s  t h e  pi lot  w a s  engaged  in  c l o s e  forrnat iot l  f lying w h e r e  he  
m u s t  cont inua l ly  a d j u s t  h i s  c o n t r o l  input  to m a i n t a i n  a p r e c i s e  pos i t ion  r e l a -  
t i ve  to  the  lead  a i r c r a f t .  B e c a u s e  of the  r a n d o m n e s s  o f  t h e s e  inpu t s ,  t hey  
a r e  not  l i ke ly  to  a f fec t  the  a v e r a g e  p a r a m e t e r  t i m e  h i s t o r i e s  d e r i v e d  f r o m  
the  s t a t i s t i c a l  m o d e l .  T h e i r  i nc lus ion  in  the  m o d e l ,  h o w e v e r ,  would s i g -  
n i f ican t ly  i n c r e a s e  t h e  wid th  of the  d i s t r i b u t i o n  of p a r a m e t e r  va lues  about  
t he  a v e r a g e  and,  consequen t ly ,  m a k e  i t  m o r e  diff icul t  to  d e t e r m i n e  the  t r u e  
m a n e u v e r  input .  In  addi t ion ,  s i n c e  the  a i r l o a d  d i s t r i b u t i o n  of a g u s t  input  
is d i f f e ren t  f r o m  the  a i r l o a d  d i s t r ibu t ion  of a m a n e u v e r ,  o r  c o n t r o l  s u r f a c e ,  
input ,  a d i f f e r e n t  l oads  equat ion  would be needed  to  p r e d i c t  t he  d i s t r i b u t i o n  
of l o a d s .  T h e r e f o r e ,  so tha t  t he  m a n e u v e r  l o a d s  could  be p r e d i c t e d  m o r e  
a c c u r a t e l y ,  the h igh - f r equency  r e s p o n s e s  w e r e  r e m o v e d  f r o m  the  d a t a  by 
using a f ixed  sampl ing  r a t e  f o r  a l l  t r a c e s  a n d  a weighted  f i l t e r  f o r  the  a n g u -  
lar r a t e  t r a c e s  ( s e e  Appendix D ) .  

Whenever  t h e s e  t r a c e s  a r e  r a g g e d  wi th  

T h e  ca l cu la t ion  of fa t igue  load d ' i s t r i bu t ions  f r o m  high-  
f r e q u e n c y  inpu t s ,  s u c h  a s  t h o s e  p roduced  by g u s t s  a n d  f o r m a t i o n  f lying,  
r e q u i r e s  d i f f e ren t  s t a t i s t i c a l  t echn iques  f r o m  t h o s e  used  in  the  p r o p o s e d  
s t a t i s t i c a l  m o d e l .  
s p e c t r a l  dens i ty  a n a l y s i s .  
c o r d e d  in thc  s t a t i s t i c a l  m o d e l s  of m a n e u v e r s ,  i t  shou ld  bc p o s s i b l e ,  f r o m  
t h e  power  s p e c t r a l  d e n s i t y  a n a l y s i s  of t h e  g u s t s  a n d  f o r m a t i o n  f ly ing ,  t o  
c a l c u l a t e  the  h igh - f r equency  l o a d s  s p e c t r u m  expcc ted  d u r i n g  m a n e u v e r s  
and  to  s u p e r i m p o s e  t h e s e  loads  on  t h e  c a l c u l a t e d  m a n c u v e r  l o a d s .  
though t i m e  d u r i n g  th i s  s tudy  did not p e r m i t  i nves t iga t ing  t h i s  p r o c e d u r e ,  
s o m e  me thod  of combin ing  g u s t s  wi th  the s t a t i s t i c a l  m a n e u v e r  model  
should  be pos  s ib l e .  

T h e  r a n d o m n e s s  of t h e s e  inpu t s  l e n d s  i t se l f  to a power  
S ince  the  t i m e  t r a n s f o r m a t i o n  f a c t o r s  a r e  r e -  

A I -  

T h e  ampl i f i ca t ion  and  attenuation of s t r u c t \ i r a l  l o a d s  
c a u s e d  by the  e l a s t i c i ty  of the  a i r c r a f t ' s  s t r i i c t u r c  p o s e s  one of the  m o s t  
d i f f icu l t  p r o b l e m s  in f l igh t  l o a d s  a n a l y s i s .  
s t r u c t u r a l  loads  d i f f e r  f r o m  thc  ca l cu la t cd  " r i g i d - b o d y "  l o a d s  and  the  r e -  
c o r d e d  a i r c r a f t  mo t ions  d i f f e r  f r o m  the  a c t u a l  c e n t e r - o f - g r a v i t y  m o t i o n s  
depends  on t h e  f lex ib i l i ty  of t he  a i r c r a f t  s t r u c t u r e .  on a r c l a t i v e l y  r ig id  

T h e  e x t e n t  to which  t h e  t r u e  
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a i rp lane ,  such  as the F-105DJ the difference i s  very  sma l l ;  but on a flexible 
a irp lz i~e ,  such  a s  the  5 - 5 2 ,  the d i f f e r e n c e  can be quite significant. The 
dynamic loads a r e  a function of the input f requency a s  well  a s  the a i r c r a f t  
flexibility. F o r  the low-frequency maneuver inputs,  the dynamic load d i s -  
t r ibut ions should not be significantly different f r o m  the r igid-  body load 
dis t r ibut ions even on the flexible a i r c ra f t  types .  The re fo re ,  the proposed 
s ta t i s t ica l  maneuver  model  should not be significantly affected by s t r u c -  
t u ra l  e las t ic i ty .  
flying, however,  a dynamic analysis  must  be used.  To calculate  dynamic 
loads r e q u i r e s  knowledge of the frequency and amplitude of the gust  and 
cont ro l  su r f ace  inputs and the complete s t ruc tu ra l  response  c h a r a c t e r i s -  
t i cs  of the a i r f r a m e .  In some  analyses ,  a dynamic amplification fac tor  
is used to  predict  the dynamic  loads f r o m  rigid-body loads;  but this  method 
is less  accu ra t e .  
t i ca l  maneuver  model ,  the dynamic loads m u s t  be considered.  

F o r  the higher frequency inputs f r o m  gus ts  and formation 

When the gust data a r e  combined with data in  the s t a t i s -  

3 .  SUMMARY AND CONCLUSIONS 

This  study fo rmed  a s ta t i s t ica l  maneuver model and demonst ra ted  i ts  
The  model  w a s  der ived f r o m  a u s e  in predict ing a fatigue load spectrum. 

data  sample  of 318 descending left turns  pe r fo rmed  by F - l 0 5 D  a i r c r a f t .  
Aspects  of the proposed s ta t i s t ica l  model shown to  be feasible  are as follows: 

F r o m  the t r a c e  pa t te rns  appearing in  eight-channel data ,  
maneuver  types can  be distinguished and categorized.  

The p a r a m e t e r  traces of all maneuver s  of the same type 
c a n  be approximately aligned by t ransforming  the t ime 
sca le .  
left tu rns ,  the ave rages  derived f o r  the t ransformed pa-  
r a m e t e r  t r a c e s  w e r e  almost identical  fo r  each of th ree  
independent groups of turns .  

In the process ing  of the sample  of 318 descending 

The s ta t i s t ica l  maneuver  model p e r m i t s  a n  accura te  
prediction of distributions of s t ruc tu ra l  load peaks f r o m  
eight-channel da ta .  The predicted peak loads spec t rum 
fo r  t h r e e  par t icu lar  s t ruc tura l  locations on the F- 105D 
a i rp lane  compared very  favorably with the "observed" 
load t ime  h i s to r i e s .  

One important  potential of the proposed method-the extension of the 
application of the s ta t i s t ica l  maneuver model  f r o m  one a i r c ra f t  type to 
another-could not be tes ted in  this  study because no suitable eight-channel 
da t a  f rom another  a i r c r a f t  type was  available.. 
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4 .  R E C O M M E N D A T I O N S  

In t h e  l igh t  of t h e  f o r e g o i n g  s t u d y ,  t h c  fo l lowing  r e c o m m e n d a t i o n s  a r e  
p r o p o s e d :  

( 1 )  To t e s t  t h e  f e a s i b i l i t y  of u s i n g  a s i n g l e  statistical m a -  
n e u v e r  m o d e l  f o r  al l  t y p e s  of a i r c r a f t ,  c ~ i g h t - c  h a n n e l  
d a t a  s h o u l d  be r e c o r d e d  on  c i t h c r  a sinall light a i r c r a f t ,  
such  as a C e s s n a  1 8 2 ,  o r  a l a r g e  h e a v y  a i r c r a f t ,  
as  a B - 5 2  or a C -  141,  a n d  rccli icr~d t o  a f o r m  c o m p a t i b l e  
with t h e  s t a t i s t i c a l  m o d e l  

s u c h  

( 2 )  All a v a i l a b l e  F - 1 0 5 D  c i g h t - c h a n n e l  da t a  s h o u l d  be p r o -  
c e s s e d  t o  o b t a i n  a l a r g e r  s a m p l e  of t h e  d e s c e n d i n g  left. 
t u r n ,  to t e s t  t h e  s t a t i s t i c a l  m a n e u v e r  triode1 f o r  a l l  
m a n e u v e r  t y p e s ,  t o  p e r m i t  a n i o r e  c o m p r e h e n s i v e  u s e  
of t h e  v a r i o u s  f l i g h t  c o n d i t i o n s  i n  thca c a l c i t l a t i o n  of 
l o a d s ,  a n d  t o  t e s t  t h e  f e a s i b i l i t y  o f  a p r o g r a m  c o v e r i n g  
a l l  m a n e u v e r  t y p c s .  

( 3 )  T h e  f e a s i b i l i t y  o f  a u t o m a t i c a l l y  processing t h e  e i g h t -  
channel  d a t a  o n  a h i g h - s p e e d  c o m p u t e r  t o  d e r i v e  t h e  
s t a t i s t i c a l  m a n e u v e r  m o d e l  s h o u l d  be tlcte r n i i n c d .  

( 4 )  M e t h o d s  o f  c o m b i n i n g  g u s t  i n p u t s  w i t h  t h e  p r o p o s e d  
s la  t i s t i c  a 1 m a  n e uv e r n i o  d c 1 s h o  11 Id b c, i nv e s t i g a t e d . 

( 5 )  A m e t h o d  of c a l c u l a t i n g  t h c  e f fcc ts  o f  a i r c r a f t  s t r u c -  
t iir a1 e l a  s t i c  i ty on  t h e  p i- c c l  ic t c c 1  l o  ;id s d 1 s t r i b u t  i o n  s 

should  be d e v c l o p e d .  
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DATA SAMPLE 

The data sample  used to demonstrate  the proposed s ta t i s t ica l  model 
cons is t s  of 318 descending left t u r n  maneuvers  pe r fo rmed  during 40  
fl ights of F-105D a i r c r a f t  operat ing f r o m  t h r e e  Air  F o r c e  bases .  Since 
th i s  maneuver  type o c c u r s  m o s t  frequently in a ground support  miss ion ,  
mos t  of the 40 f l ights  w e r e  of this  miss ion  type. 
of t hese  data ,  Table 8 shows the number of flights originating f r o m  each 
base  and the number of maneuvers  per formed during these  fl ights.  

Giving the breakdown 

TABLE 8 

Breakdown of Data Sample by Air Basv 

B a s e  

N r l l i s  

Kadena 1 3  

Wheelus 

Total  

6 

4 0  

The  effect of sample  s i ze  on  the s ta t i s t ica l  model was  invest igatc~cl  
by separa t ing  the data  sample  into three  independent s e t s  and then c - o i n -  
par ing  each  s e t  with the  o the r s  and with a composite of a l l  the se t s .  
number  of maneuvers  in  each se t  and the breakdown of maneuvers  by 
b a s e  within each se t  i s  given in Table 9. 

T h e  

TABLE 9 

Distribution of Descending Left Turns  by Set 

Set N e l l i s  

I 46  

11 7 5  

I11 7 3  

T o t a l  194 

- Kadena W h e e l u s  

22 

17 26 

24 35 

b 3  b l  

T o t a l  

68  

118 

132  

318 
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TABLE 1 0  

Takeoff Configurat ions of F- 105D A i r c r a f t  Obse rved  During 40  F l igh t s  

Configuration 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I I  

I 2  

1 3  

14 

15 

16 

No. of 
Mai ieuve  r II 

LO 

2 7  

4 

30 

1 3  

16 

6 5  

7 

3 

1 5  

6 

7 

6 

7 

70 

2 

31f l  

- 

N u .  01 
k-llglllr3 

5 

L 

I 

J 

2 

2 

6 

2 

I 

3 

1 

2 

I 

I 

7 

I __ 
4 0  

l3,,l  I I  I, 

Hay- 

I.'llll I l1t . l  

l a n k  

Fllll f C 1 t . l  

t a n k  

Full h i r . l  
tank  

Full l u r l  
l a n k  

F u l l  f\ieI 
lank  

Full  fuel 
lank 

F:inply 
f u P I  l a n k  

E m p l y  
furl lai ik 

Fn i pt y 
f i i r l  tank 

Hal las t  

t3a I In  tl I 

Ral lanI  

R a I I  a H I 

N o  a l o r r  

No qlor .  

Ncr (ilui r 

Fi111 f u r l  Full furl 
lank  li l i ik 

k- l i l l  f i i r l  Full f i i r l  
t a n k  l a n k  

I'a r t i a l  {'art tal 
lurl t a n k  f u r l  l a n k  

FI I I I  f t i t - 1  1.'!!11 liirl 
l a n k  lai ik 

N o  a t u r e  N o  n t u r r  

G A M  N o  s l o r r  

T h e  F -105D a i r c r a f t ,  a f i g h t e r - b o m b e r ,  h a s  a l a r g e  n u m b e r  of pos-  
s ib l e  configurat ions of i n t e rna l  and  e x t e r n a l  s t o r e s .  
v a r i o u s  takeoff conf igura t ions  which ex i s t ed  i n  t h e  da t a  sample .  
o v e r ,  a configurat ion w a s  changed whcncve r  e x t e r n a l  s t o r e s  w e r e  dropped .  
The  va r i a t ion  of configurat ion a f f e c t s  the  a i r c r a f t ' s  mass d i s t r ibu t ion ,  
m o m e n t s  of i ne r t i a  and,  t o  a c e r t a i n  ex ten t ,  a i r l o a d  d is t r ibu t ion .  Although 
t h e  effects  of configurat ion va r i a t ion  i n  t h e  mass d i s t r ibu t ion  and m o m e n t s  
of i n e r t i a  w e r e  ca lcu la ted  f o r  each  descend ing  l e f t  t u r n  m a n e u v e r ,  t h e  e f f e c t s  

T a b l e  10  lists t h e  
M o r e -  
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on air load distribution due to the placement of s to re s  were  ignored in this  
study since they were  co~sir lerer l  negligible compared to the total  a i r loads.  

The 31 8 maneuvers  w e r e  performed under various flight conditions 
of g r o s s  weight, moments of iner t ia ,  altitude, and Mach number. The 
coefficients in the Loads equations, developed in Appendix C, a r e  functions 
of the respect ive flight conditions. Consequently, before these equations 
may be applied to  the maneuvers  to  calculate their  loads,  the flight condi- 
tions of each maneuver must  be determined and the coefficients appropriate 
t o  each flight condition must  be calculated. 

F o r  the s ta t is t ical  prediction of the distribution of load peaks,  the 

The 318 maneuvers were  grouped by weight 
moments  of iner t ia  and m a s s  distributions were  assumed to  be functions 
of g r o s s  weight only. 
according to the listing in Table 11 (Figure 35 shows this  grouping as 
the percentage of maneuvers  with weights below given values). Then, 
with the 36, 000-lb. level serving a s  the best dividing point, the maneuvers 
with weights below this level w e r e  grouped to  f o r m  the maneuvers  in Condi- 
tion 1 and those above to  comprise  the maneuvers  in Condition 2 .  Next, 
with the average g ross  weights computed for  the weights below and above 
the  3 6 ,  000-lb. level, the  moments  of iner t ia  and m a s s  distributions for  
Conditions 1 and 2 w e r e  calculated,  as l is ted in Table 12. Finally, the 
average  gross  weights and calculated moments of iner t ia  and m a s s  d is -  
tr ibutions w e r e  used to calculate the coefficients in the loads equations 
fo r  the two conditions, a s  shown in  the equations presented in Section 2. 4. 4. 

TABLE 11 

Distribution of Descending Left Turns  by G ross Weight Range 

We i 8 ht Ra 11 j$ e 
W a )  - Set 1 Set I1 Set 111 Coinlmn i t  P 

Below 32,  000 5 5 

32, QQQ to 34,  OQQ 19 21 32 7 2  

34,  QOO l a  36,  OOQ 30 29 49 I on 

36, ooa ta 3a, aoa 6 40 39 8 5  

38, a00 ta 40, aQ0 6 23 IO 19 

9 - c - 5 
v 

2 - 68, QBO and abavc 

Total 68 118 132  I18 
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- COMPOSITE 
0 DATA SET I 
0 DATA SET TI 
A DATA S E T m  

w 35 40 
(1 30 

G R O S S  WEIGHT - THOUSANDS OF POUNDS 

F i g u r e  35. Graph  Indicating P e r c e n t a g e  of F - l 0 5 D  Descending 
Left  T u r n s  Below Given Gross  Weights  by Data Set  

TABLE 1 2  

Values  of M a s s  Dis t r ibu t ion  and Moment s  of Ine r t i a  f o r  Condit ions 1 and 2 

P a r a m e t e r  

2 
I, ( s l u g - f t  1 

Iy ( s l u g - f t  ) 2 

Condition I 
( D v l o w  3 6 ,  0 0 0  11,s) - 

2 2 , 1 1 0  

2 0 1 , 1 0 0  

I, ( s l u g - f t  2 ) 217,  300 

i =  1 

2, 0 3 0  

751 

328 

C o n t l i ( i u n  2 
(Aliovc. 3 ( i ,  0 0 0  I b s )  

24,  2 2 0  

205,  5 0 0  

2 2 2 , 2 0 0  

1 , 9 7 3  

751 

3 3 1  

48 



Since mos t  of the  318 tu rns  were  pe r fo rmed  in ground support  mi s s ions ,  
mos t  of the Mach numbers  f e l l  within the  0 . 4  to 0. 7 range and most  of the 
alt i tudes w e r e  within the  sea level  to 10, 000-foot range. 
relatively small sample  s i ze ,  the  effects of Mach number and alt i tude 
var ia t ions in  the  flight conditions were  not accounted for .  
effects of these  var ia t ions must  be considered in calculating accu ra t e  
design loads.  
of altitude and Mach number ,  respectively.  
mine  placement within a range w e r e  those  existing a t  the onset  of the maneu-  
ver .  During a descending left turn,  the alt i tude always d e c r e a s e s  and the 
Mach number normally i n c r e a s e s  slightly. 
the percentage of maneuvers  below given alt i tudes and a i r speeds  , respect ively.  

Because  of the 

Of cour se ,  the 

Tables  13 and 14 show the  maneuvers  dis t r ibuted by ranges  
Individual values used  to d e t e r -  

F igu res  36 and 37 i l lus t ra te  

TABLE 13 

Distribution of Descending Left Turns  by Altitude Range 

Altitude Range 
(feet)  - Set I s<*t I1 Stll I11 Compos i t c~  

Below 2, 000 4 6 4 14 

2 , 0 0 0  to 5 , 0 0 0  7 21 21 49 

5 , 0 0 0  to 1 0 , 0 0 0  34 56 67 I57 

1 0 , 0 0 0  to 15 ,000  2 3  35 39 97  

1 - _. - 15,000 to 20,000 1 - 

Total 68 118 1 3 L  3 1 8  

TABLE 14 

Distribution of Descending Left Turns  by Mach Number Range 

Mach No. 
Range 

Below . 4 

Set I S r l  I1 sct 111 Composil P - . 1 1 

. 4  to . 5  20  b I I  37 

. 5  to . 6  3 4 84  89 L 07 

. 6  to . 7  1 1  L 0 3 1  70 

. 7  to . 8  

Total 
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A L T I T U D E  - THOUSANDS O F  F E E T  

Graph Indica t ing  P e r c e n t a g e  of F- 105D Descend ing  
Le f t  T u r n s  Below Given  Al t i t udes  by Data  Se t  

MACH NUMBER 

F i g u r e  37. Graph  Indica t ing  Pcrcrntagc o f  E'- 10513 D e s c t n d l n g  
Left  T u r n s  Below Givcii Mcic1i Numbers by Data Sct 
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The var ia t ion i n  the  t i m e  to  pe r fo rm the descending left  t u rns  was  due 
to  the  amount of change in  heading angle which ranged f r o m  7 0  to  200 
degrees  and to  the  p i lo t ' s  technique, the  l a t t e r  being m o r e  significant. The  
extent of these  var ia t ions  a r e  shown in Table  15 which l i s t s  the  dis t r ibut ions 
of maneuver s  by r anges  of maneuver  durat ion,  that  i s ,  t he  t i m e  between the  
s t a r t  of the ro l l  into the  t u r n  and t h e  peak of the  ro l e  indicative of the effort 
to br ing  the wings back to level  flight. 
maneuvers  s h o r t e r  than  a given duration. 

F igu re  38 shows the  percentage of 

TABLE 1 5  

Distribution of Descending Left T u r n s  by Duration 

Dura tion 
( s e c o n d s )  Set I Set I1 s I.: t 111 Compo s i t  e 

6 to 10 4 4 

7 

16 

16 

10 

4 

5 

4 

1 

2 

2 

1.3 10 to 14 16 3 (1 

14 to 18 37 52 105 

18 to 22 29 z 6 71 

22 to 26 1 1  

5 

1 3  34 

26 to 30 10 19 

3 0  to 34 z 1 1  4 

34 to 38 6 1 5  5 

38 to 42 4 5 

42 to 46 2 5 1 

46  to 5 0  

50 to 54 

4 6 

2 1 1 

54 to 58 2 2 

58 to 62 

Total 

I 1 - 1 - 3 

118 132 318 68 
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A P P E N D I X  B 

PARAMETER PATTERNS FOR THE BASIC MANEUVERS 

The application of the proposed s ta t is t ical  model t o  predict  s t ructural  

The pa rame te r s  most indicative of maneuver types a r e  the 

The a i r speed  a n d  the lvrlgitudinal accelerat ion can 

load distributions requi res  that maneuver types be recognizable in  eight- 
channel data. 
t h ree  angular velocit ies,  p, q ,  r ;  normal accelerat ion;  l a t e ra l  acce le ra -  
tion; and altitude. 
somet imes  support  these parameters .  
the bas ic  maneuver  types a r e  described below. 

The t r a c e  pat terns  indicative of 

The t u r n  maneuver may be identified by the coinbination of the following 
t r a c e  pa t te rns :  
t r a c e ;  ( 2 )  depending on the turn  going ei ther  right o r  left,  a long positive 
o r  negative peak in the yaw ra te ,  r ,  t r a c e ;  ( 3 )  again depending on the d i r ec -  
t ion of the turn ,  an ear ly  positive or negative peak followed by a late peak 
of opposite sign in the roll  r a t e ,  p, t r ace .  In  addition, a long positive peak 
s i m i l a r  to that in  the normal  acceleration t r a c e  appears  in  the pitch ra te ,  q,  
t r a c e .  
descending, o r  level. 
a descending left t u rn  and a descending right turn,  respectively.  

( 1 )  a long positive peak in the normal  accelerat ion,  n z ,  

The t r end  i n  the altitude t r ace  indicates that the turn  i s  ascending, 
F igures  39 and 40 show oscil lograph recordings of 

Voltage h4onitor Timer Trace 

L n ,  Reference 

Bottom Reference 

Figure  39. Oscillogram Showing Descending Leit Turn 
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AIRSPEED 7 - 

Figure  40. Osci l logram Showing Descending Right T u r n  

A pull-up maneuver  may be classif ied as e i ther  a roll ing o r  a s y m m e t -  
r i c a l  pull-up depending on  whether  o r  not i t  includes a ro l l  r a t e  peak. 
s y m m e t r i c a l  pull-up maneuver  m a y  be identified by the combination of the 
following t r a c e  pa t te rns :  (1)  a l a r g e  posit ive peak in  the n o r m a l  a c c e l e r a -  
t ion t r a c e ;  ( 2 )  a large posit ive peak in the  pitch r a t e  t r a c e  o c c u r r i n g  s i m u l -  
taneously with the f o r m e r  peak; and ( 3 )  a n  increas ing  r a t e  of c l imb o r  s lope 
of the alt i tude t race .  F igure  41 shows a n  osci l lograph record ing  of a 
s y m m e t r i c a l  pull-up. Besides  all the c h a r a c t e r i s t i c  t r a c e  pa t te rns  of the 
s y m m e t r i c a l  pull-up, a roll ing pull-up maneuver  h a s  l a r g e  posit ive o r  neg- 
ative ro l l  r a t e  and yaw r a t e  peaks super imposed  on the n o r m a l  acce lera t ion  
peak. 
the roll .  
pull-up. 
pull-up maneuver followed by a n  ascending t u r n  maneuver .  
can  be distinguished by noting when the r o l l  r a t e  peak begins.  
while the normal  acce lera t ion  is s t i l l  high, the maneuver  is a roll ing 
pull-up. 
c lose  to  a 1. 0 value., t h e r e  a r e  two m a n e u v e r s ,  that  i s ,  a s y m m e t r i c a l  
pull-up and a turn. 

A 

The sign of the ro l l  r a t e  and yaw r a t e  peaks indicates  t h e  direct ion of 
F igure  4 2  shows a n  osci l lograph record ing  of a r ight  roll ing 
The  rolling pull-up maneuver  is qui te  similar t o  a s y m m e t r i c a l  

However,  they 
U it begins 

But, i f  the peak begins when the n o r m a l  acce lera t ion  has  re turned  

54 



l -  

I- NO R Y  AI. AC C E L E R A  T IO N 

Figure  41. Oscil logram Showing Symmetr ica l  Pull-up 

S T A R T  
P U L L  -UP 

S T A R T  
T U R N  

F i g u r e  42. Oscil logram Showing Right Rolling Pull-up 
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T h e  yaw m a n e u v e r  is  c h a r a c t e r i z e d  by a def lect ion in  the  yaw r a t e  
t r a c e  and  a l a r g e  def lect ion i n  t h e  l a t e r a l  a c c e l e r a t i o n  t r a c e .  None of t he  
o t h e r  p a r a m e t e r s  v a r y  s ignif icant ly .  
In  the  F -105D da ta ,  a yaw maneuver  w a s  of ten p e r f o r m e d  e a r l y  i n  a f l ight  
by producing a r ight  and l e f t  yaw in quick s u c c e s s i o n  to t e s t  t he  r u d d e r  
con t ro l  s y s t e m  (i. e . ,  a " rudde r  kick") .  

F i g u r e  43 i l l u s t r a t e s  a yaw m a n e u v e r .  

F i g u r e  43. O s c i l l o g r a m  Showing Yawing Maneuver  

The a c c e l e r a t i o n  and dece le ra t ion  m a n e u v e r s  indicate  an ab rup t  
power  change o r  the u s e  of e i the r  a n  a f t e r b u r n - r  o r  a d i v e - b r a k e  s y s t e m .  
A r ap id  i n c r e a s e  o r  d e c r e a s e  of the  longitudinal a c c e l e r a t i o n  c h a r a c t e r i z e s  
t h e s e  maneuver s  which a r e  of r e l a t ive ly  s h o r t  du ra t ion  and end a s  the  
longi tudinal  acce le ra t ion  r e t u r n s  to  a n o r m a l  va lue .  While the  a i r s p e e d  
t r a c e  i n c r e a s e s  o r  d e c r e a s e s ,  none of the  o t h e r  p a r a m e t e r s  v a r y  apprec iab ly .  
F i g u r e  44 shows a dece le ra t ion  m a n e u v e r .  

The  b a r r e l  ro l l  maneuver  i s  c h a r a c t e r i z e d  by a long peak  i n  t he  ro l l  
r a t e  t r a c e ,  p. The  yaw r a t e  t r a c e ,  r ,  wi l l  m o v e  f i r s t  i n  one  d i r ec t ion  and 
then  in  the  other  because  of t he  induced yaw and  the  p i l o t ' s  subsequent  
ac t ion  to  c o r r e c t  f o r  the  induced yaw. 
no s igni f icant  activity.  
a 180-degree  pitching maneuver  which ended with t h e  a i r c r a f t  i nve r t ed .  

The  n o r m a l  a c c e l e r a t i o n  t r a c e  has 
The  1 8 0 - d e g r e e  ro l l  shown i n  F i g u r e  45  fol lowed 
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LONGITUDINAL ACCELERATION -- 
- 

F i g u r e  44. Oscil logram Showing Decelerat ion Maneuver 

- i n n  R A T E  

F i g u r e  45. Osci l logram Showing B a r r e l  Roll 

Although the maneuver  types d e s c r i b e d  above include all those observed  
in t h e  avai lable  F - 1 0 5 D  da ta ,  maneuvers  not covered by these  types may be 
expected in  o ther  data.  Then,  either the descr ip t ion  of a n  existing type will  
h a v e  to be enlarged o r  a new maneuver type  defined. 
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A P P E N D I X  C 

DEVELOPMENT O F  APPROXIMATE LOADS EQUATIONS 
FOR T H E  F-105D AIRPLANE 

1. G e n e r a l  Development -- 

The  a i r l o a d s  act ing on the  va r ious  s u r f a c e s  of t he  F - 1 0 5 D  a i r c r a f t  w e r e  
ca lcu la ted  f r o m  equat ions developed f r o m  the  s u m m a t i o n  of the  f o r c e s  and 
m o m e n t s  on  a r igid body. 
and acce le ra t ions  a s  shown in  F i g u r e  46 ,  an a x i s  s y s t e m  w a s  c e n t e r e d  a t  the  
a i r c r a f t ' s  cen te r  of grav i ty .  
ax i s  s y s t e m  r e s u l t s  in the  following equa t ions :  

With the  pos i t ive  d i r ec t ion  of t he  d i s t a n c e s ,  f o r c e s ,  

The  summat ion  of m o m e n t s  ancl f o r c e s  in  t h i s  
~ 

LyA'  XyA + Lyv - ,yv = I7,> - (I, - Iy) pq - I,, Cb - q r )  

When solved f o r  t h e  a i r  l oads ,  t h e s e  ecluntloiis res i i l t  in tliv following 
r e l a t ionsh ips :  

xyv D WD 
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1x2 I X Z  b -  9r t t 

X y A  wD XyA wD 

p 2  1 I x z  2 I X Z  t r -  

XzA wD XzA wD 

Y 
'I 

P 

Lzw - W i n g  Load 7 

F i g u r e  46. Drawing to I l lustrate  P a r a m e t e r  Sign Conventions and 
Positioning of Airloads on the Airplane 
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The a i r c r a f t  design g r o s s  weight W and wing span  b w e r e  in t roduced  into D 
t h e s e  equations t o  p e r m i t  a r r a n g i n g  the  v a r i a b l e s  in nondimens iona l  g roups .  
Although the  effect of th i s  nondirnensional grouping w a s  not evaluated during 
th i s  p r o g r a m ,  it i s  possible, that  t h c s c  groups  m a y  f ac i l i t a t e  applying the  
p a r a m e t e r  peak d is t r ibu t ions  f rom onc a i r c r a f t  t ype  to ano the r .  Since the  
des ign  weight and wing s p a n  can be cance l led  out of t hc  equat ions ,  they did 
not affect  t he  calculat ions in the  p r e s e n t  p r o g r a m .  

In o r d e r  to r e d u c e  the  n u m b e r  of v a r i a b l e s  and achieve  a neat  solution, a 
subs t i tu t ion  was m a d e  f o r  t h e  wing air loads.  
air load is composed  of a s y r n m e t r i c a l  load p lus  a n  a s y m m e t r i c a l  load ,  then 

Jf i t  c a n  be a s s u m e d  tha t  the  wing 

- 
Z W L  - Lz,/2 -1 AJ-J,,, 

Then ,  subtrac.tiiig gives 

T h e  wing a i r  load was  a l s o  combincd with the, fu se l age  a i r  load to  give t h e  
to ta l  wing-fuselage a i r  load:  

w h e r e  

6 0  



Since the relationship between the wing a i r  load and fuselage air load 
was established f r o m  aerodynamic data, the respective a i r  loads may be 
calculated whenever desired.  

Given the dimensions and inertia propert ies  of an a i rc raf t ,  the a i r  loads 
at any instant may be calculated through these relationships. 

2. Simplified Eauations 

The relative magnitudes of the t e rms  in the air loads equations were  
examined to determine whether any could be ignored in the present program 

to reduce the computational effort. 
of some t e r m s  was relatively negligible compared with that of other terms. 
Consequently, such t e r m s  were  dropped f rom the equations. As expressed 
below, the simplified equations were then used to calculate the air loads: 

The study revealed that the magnitude 

.b -r 

I Y  I W  "z - 
WD 

LzH = 

"Y p -  - " I  I X Z  r -  

( l  - XyA/Xyv) xyv w D  W D  

3. Inertia Loads 

Ca1,culating the total load on any s t ructural  member  requires  deter-  
mining the iner t ia  force  acting on  that member.  
element i may be expressed a s  

The force on each mass  

a i  
g ALi = A w ~  - 
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The  ai  in e a c h  of the  t h r e e  or thogonal  d i r ec t ions  m a y  be  w r i t t e n  a s  

S i m i l a r  to t h e  r educ t ion  of the  equat ions f o r  t h e  a i r  l o a d s ,  s impl i f ied  
r e l a t ionsh ips  fo r  the  i n e r t i a  loads  w e r e  developed.  
following e x p r e s s i o n s  yield the  p r i m a r y  a c c e l e r a t i o n s  f o r  the  m a j o r  p a r t s  
of t he  a i r c r a f t  s t r u c t u r e :  

A s  a r e s u l t ,  t he  

(1 ) wing : 

ya  - - - n z + -  P a, - -  

( 2 )  ho r i zont a1 t a i l  : 

( 3 )  ve r t i ca l  t a i l :  

s 
P9 P + -  

a *  a 
a z - Y -  

- n y - -  6 c <I t7 

When combined with the  m a s s  d is t r ibu t ion  of the  s t ruc : ture ,  t h e s e  
e x p r e s s i o n s  f o r  a c c e l e r a t i o n  give the  i n e r t i a  l oads .  

4. S h e a r  Calculat ion 

The  s h e a r  load a t  a given wing s ta t ion  y m a y  be  e x p r e s s e d  a s  

Y Y 
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w h e r e  

Vy 

L,A 

= ver t ica l  s h e a r  a t  wing s ta t ion y 

= v e r t i c a l  a i r  load,  wing-fuselage 

ZAL,, = differential  wing load 

b/2 = wing semi-span  

y 

dy 

= l a t e r a l  distance froin a i r c r a f t  c. g. 

= differential e lement  of y 

w l ( y )  = percent  of L,A p e r  foot of span 

w2(y) = percent  of AL,, p e r  foot of span  

Assuming that wl (y)  and o (y)  a re  independent of L,A and ALzw 

then  the equation for  the  s h e a r  load a t  wing s ta t ion y may be rewr i t ten  as 
2 

w h e r e  

Y Y 

Derived f r o m  wind tunnel tes t  da ta ,  the values of 0 1Y and 0 2Y a r e  
funct ions of configuration , altitude, and Mach number.  

The  i n e r t i a  f o r c e  contribution to the s h e a r  load may be wri t ten as 

b/2 

w h e r e  
r 1 

= ver t ica l  acce le ra t ion  in g ' s  at  dy 1% 1 
m(Y) = m a s s  distribution of s t r u c t u r e  p e r  foot of span 
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Approx ima t ing  the  p r e c e d i n g  i n t e g r a l  by a s u m m a t i o n  of t h e  n weight  
e l e m e n t s  w i  be tween y a n d  b/2 g '  i v e s  

n 

V 
YIn e r tia 

i = l  

T h e n  V m a y  b e  comple t e ly  e x p r e s s e d  by Y 
n 

Similar r e l a t ionsh ips  m a y  b e  deve loped  f o r  o t h e r  p a r t s  of t h e  a i r c r a f t  
s t r u c t u r e .  

F r o m  t h e  s impl i f ied  equat ions  p r e s e n t e d  above  a n d  t h e  w e i g h t s  a n d  d i inen -  
sions of t h e  F - 1 0 5 D  a i r c r a f t ,  s h e a r  equa t ions  w e r e  deve loped  f o r  t h e  wing  
s t a t i o n  136 .  6 ,  t he  ho r i zon ta l  t a i l  r o o t ,  a n d  t h e  v e r t i c a l  t a i l  roo t .  T h e s e  e q u a -  
t i o n s ,  wh ich  w e r e  u s e d  t o  ca l cu la t e  the  s h e a r  l oads  a t  t h e  fo rego ing  l o c a t i o n s ,  
a r e  as  fo l lows :  

( 1 )  wing  s t a t ion  136. 1 )  ( loca t ion  b A ) :  

:I: 

V6A = .15547 Wn, t .000138 Iy; - .000596 I,iJ 

n n 

( 2 )  v e r t i c a l  t a i l  r o o t :  

.t, 
-a> 

V~~~ = . l o 6 1  Wny - .000741 1,; t .000741 Ixzb - 889 iiY - 3.244 

( 3 )  hor izonta l  t a i l  r o o t :  

.e, -0- 

V~~~ = - . 0307  Wn,  - .OOO472 Iyb - 349 n z  t 3.86 4 t . 9 9 3  iJ 
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To indicate the difference between the solutions acquired f r o m  the com- 
plete and the  simplified equations, Figures  47 and 48  each show fo r  one 
sample  maneuver  two t ime  his tor ies  of calculated loads,  one derived f r o m  
the  complete  equations ( V ~ A ,  VRvT) and the second f r o m  the simplified 
elWations (VSA. VRVT). 
shows that  the simplified equations yielded quite accura te  load values.  
Although F igure  48 giving the ver t ical  t a i l  root shea r  loads shows that the 
values der ived f r o m  the simplified equations do not compare  as favorably,  
they a re  acceptable fo r  the  purposes of this study. 
to demonstrate  the  accuracy of a s ta t is t ical  calculation of load distribution 
when compared to  a t ime  his tory calculation. 
necessa ry  only that identical equations be used in both calculation methods,  
not that  the calculated loads be s t r ic t ly  accura te .  

::: * 
Figure  4 7  giving the wing normal  s h e a r  loads 

This study w a s  intended 

F o r  this  purpose,  it is 

I0,OOC 

cvi m 
-I 

I 
y 5,ooc 
K 
4 

v) 

(3 

i 

C 

LEGENo 

- "6, 

- _ -  V t A  

I I I 
5 IO 15 

t - SEC 

Figure  47. Time History Plots  of Wing Shear  Load. Calculated 
With Complete ( V ~ A )  and Simplified (V&) Equations 

Each maneuver sample was t rea ted  individually.in calculating the a i r -  
It was assumed that the weight c r a f t  g r o s s  weight and moments of inertia.  

and moments  of iner t ia  were  constant during a maneuver.  
t he  p a r a m e t e r s ,  n,, ny, p,  q ,  r ,  p, q,  and i, w e r e  taken at  d i scre te  instants 
f r o m  the  t ime h is tory  of each maneuver. 
instants  gave a time his tory of the loads. 

The values of 

Then loads calculated at  these  

. .  
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-I ,000 L 
F i g u r e  48. T i m e  His to ry  P l o t s  of V e r t  

With Comple te  ( V  RV‘r )  and 

Dimens ions  Used in the Eauat ions  

Table  16  gives the  d imens ions  locat ing 

LEGEND 

- VJVT 

--- V R V T  

cal T a i l  S i i e a ~  Load Calcula ted  
Sinipiificrl (v“. ) Equat ions 

RVT 

th(, po in ts  a t  which a i r  loads 
w e r e  appl ied a s  indicated in F i g u r e  4 b .  
of grav i ty  of t h e  v e r t i c a l  and hor izonta l  t a i l .  
f r o m  ava i lab le  weight and balance a n d  RerOdyJlattll< c1,rt.i. 
w a s  not suf f ic ien t  to yield di inensions fo r  a l l  c o m b i n ~ t i o i l s  o f  f l igh t  c i ivclc~pc~ 
and loading c h a r a c t e r i s t i c  s cncount crcd .  I iowovc.r ,  t t i c .  u 5 0  of R :,et of c o n -  
s tan t  d imens ions  w a s  cons ide rcd  advquatv f o r  t h ( ,  purposc  o f  thc, prtscnt 
p r o g r a m .  To apply th i s  method to  des ign  coiisiclc~ratioiis rc’quires ~ n c  l r i d i u ~ :  
the  effects  of changes in the a i r c r a f t ’ s  c e n t e r  01 g rdvi ty  and c e n t e r s  Of prt’sSllr(’ 

This  t C i l i l c ~  , i l so  lo( a t t s  thc ( t ~ n t e r  
T 1 i c . s ~ .  c1iiiitiisic)ns wt’rc obtained 

Thv dat<i available. 

TABLE 16 

Cons tan ts  U s e d  in  Ai r  Loads Eqriations 
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TABLE 16 (cont 'd) 

XzH = 719. 6 3 5  f t  - horiaontal tail normal  a i r  load 

y, 

z = - 7 .  891 f t  - vert ica l  tai l  la teral  a i r  load 

= t 1 4 .  6 2  f t  - wing n o r m a l  a i r  load 

YV 

B. Center  of Gravity Loc ,~t lo i i s  

1. horizontal  tai l  

x = - 2 0 . 4 0  f t  

y = t 5 .  25 ft 

z = t1. 68 ft 

2. v e r t i c a l  tai l  

x - 2 1 . 5 5  f t  

y = o  

z = 6 .  7 3  f t  

3 .  wing (outboard of Station 136. 6 )  

x = o  

y = 14. l o f t  

z =  0 

C .  

D. De-sign G r o s s  Wt-iRht - % ( I ,  018 Ih. 

Wing Span = 34. 9 2 5  f t  

Moments of Iner t ia  

The moments  of iner t ia  computed fo r  each maneuver sample w e r e  
a s s u m e d  to  remain  constant during the maneuver.  
the  base  values of the  moments  of iner t ia  a r e  those for  an externally c lean 
aircraft with internal  s t o r e s  and a 36, 018-lb. design gross  weight. 
va lues  w e r e  co r rec t ed  for the various configurations of internal and external  
s t o r e s  and for  changes in the fuel supply. The 40 flight r eco rds  used for  the 
p re sen t  investigation have 16 different takeoff configurations. 
down of the configurations includes distinguishing the full and empty external  
fue l  tanks. 
b e r  of different configurations since most  of the maneuvers  occurred  when 
the external  tanks w e r e  empty. 
l i s t ed  in  Table 10 in  Appendix A. 

As  l is ted in Table 17,  

The 

The break-  

However, this  distinction did not appreciably inc rease  the num- 

The various takeoff configurations a re  
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TABLE 17 

Base Values of Moments of Inertia for  an Externally 
Clean Aircraf t  with Internal Stores  and Fuel  

I, = 17 ,  100 ~ 1 1 1 g - f t ’  

2 

L 

2 

Iy = 2 0 2 , 1 0 0  S l I l g - f t  

I ,  = 214,  000 slltg-ft 

I,, = 2 ,  5 5 0  slrlg-It 

C r o s s  Weight 

The a i rc raf t  g ros s  weight during each descending left t u r n  w a s  e s t i -  
mated by taking the difference between t h e  t a k v o f f  and  landing g ross  weights 
and applying a l inear  r a t e  of weight loss during t h v  flight. 
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APPENDIX D 

DATA FILTERING TECHNIQUES 

T r a c e s  of p a r a m e t e r s  r eco rded  i n  a f l ight  loads  p r o g r a m  exhibit  wave-  
In s o m e  p o r -  l i ke  p a t t e r n s  having a wide range  of ampl i tude  and  f r equency .  

t ions of the  r e c o r d e d  f l igh ts ,  the p a t t e r n s  a r e  v e r y  e r r a t i c  while i n  o t h e r  
p l a c e s  they a r e  qui te  smooth .  In  g e n e r a l ,  the  f r equency  of the  p a r a m e t e r  
t r a c e  is h ighe r  a t  low a l t i t udes  and high a i r s p e e d s .  With the p a p e r  speed  
set for the  r eco rd ing  of the  F-105D e ight -channel  da t a ,  o sc i l l a t ions  with 
f r e q u e n c i e s  up to  5 c p s  could be v isua l ly  d is t inguished .  However ,  o s c i l -  
l a t i ons  of h ighe r  f r equency  w e r e  appa ren t  i n  s o m e  por t ions  of the f l igh ts .  
T h e  high f r equency  osc i l l a t ions  a r e  caused  m o s t l y  by a t m o s p h e r i c  t u rbu -  
lent e .  

P a r a m e t e r  r e s p o n s e s  to m a n e u v e r s  a r e  no rma l ly  smooth  low-frequency 
t r a c e  def lec t ions  whose  peaks  have du ra t ions  of 2 s econds  (which c o r r e s -  
ponds to  a f requency  of 0 .  25 c p s )  o r  m o r e .  
of the  m a n e u v e r s  was  the  object ive of th i s  s tudy and ,  accord ingly ,  equat ions 
t o  ca l cu la t e  only the  loads  due to m a n e u v e r s  w e r e  developed,  i t  w a s  dec ided  
to  ignore  the  h igh- f requency  gust- induced mot ions  in  the  r e c o r d e d  da ta .  
the  F -105D da ta  the  l i n e a r  acce le ra t ions  due  to g u s t s  a r e  r e l a t ive ly  small 
c o m p a r e d  to the  a c c e l e r a t i o n s  due to m a n e u v e r s .  Although m o s t  of the  gust  
a c c e l e r a t i o n s  w e r e  r emoved  b y  the f ixed sampl ing  r a t e ,  as  d i s c u s s e d  below, 
a n y  r ema in ing  i n  the  da t a  sample  should not apprec i ab ly  a f fec t  the  l a r g e r  
m a n e u v e r  d a t a .  However ,  the  t r a c e s  r e p r e s e n t i n g  the  a i r c r a f t  angu la r  
mot ions  p r e s e n t e d  s o m e  difficulty because  l a r g e  h igh- f requency  osc i l l a t ions  
a p p e a r e d  in  the  de r ived  angu la r  a c c e l e r a t i o n  t i m e  h i s t o r i e s  when the  small 
h igh- f requency  osc i l la t ions  in  the angu la r  r a t e  t r a c e s  w e r e  d i f fe ren t ia ted .  
Consequent ly ,  as  d e s c r i b e d  l a t e r ,  the  angu la r  r a t e  t r a c e s  w e r e  smoothed  
b e f o r e  d i f fe ren t ia t ing  to  e l imina te  all  the h igh- f requency  osc i l l a t ions  which 
would o t h e r w i s e  have  appea red  in the  d e r i v e d  angu la r  a c c e l e r a t i o n  t i m e  
h i s t o r i e s .  

S ince  a s t a t i s t i c a l  desc r ip t ion  

In 

The  sampl ing  r a t e  placed a f requency  l imi ta t ion  on the  m e a s u r e d  pa-  
F i g u r e  49 i l l u s t r a t e s  the  f r equency  l imi ta t ion  of r a m e t e r  t i m e  h i s t o r i e s .  

a sampl ing  r a t e  of 5 s a m p l e s  per  second.  Assuming  that  a p a r a m e t e r  is 
s inuso ida l  and  h a s  unit ampli tude and that the  peak f a l l s  midway between 
two r e a d i n g s ,  the  f i g u r e  p r e s e n t s  the  r a t i o  of the  m e a s u r e d  peak a m p l i -  
tude  to  the  a c t u a l  peak  ampli tude v e r s u s  the  t r a c e  f r equency .  T h e  m e a s u r e d  
p e a k  ampl i tude  m a y  be in  e r r o r  by 5 pe rcen t  f o r  a 0 .  5 - c p s  t r a c e  and by 100 
p e r c e n t  ( o r ,  i n  o the r  words ,  completely m i s s e d )  f o r  a 2 .  5 -cps  t r a c e .  Thus ,  
t h e  sampl ing  r a t e  l imi ted  the  frequency of the reduced  da ta  to  approximate ly  
0 . 5  c p s .  
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F i g u r e  49. Graph to  Indicate  Effect of a F ive -pe r -Second  Sampling 
Rate  on F requency  of RtTduced Data 

Two types of f i l t e r ing  techniques  w e r e  t r i e d  to  smooth  the  angular  r a t e  
t r a c e s  -a "cosine" f i l t e r  and a 7-point weighted f i l t e r .  
f i l t e r  w a s  used,  the  angular  r a t e  va lue  O i  a t  each  point i w a s  r ep laced  by 
a f i l t e r e d  O i  which w a s  ca lcu la ted  f r o m  the  following equation: 

When the  "cosine" 

.. 

The dashed c u r v e  111 k'igul-e 50  i l lustrates  the> d i c c t  c)f t i l t .  "cosine," 

f i l t e r  on a s inusoidal  input t r a c e  of unit  ampl i tude  samplc,d 5 t i m e s  p e r  
second.  Th i s  f igu re  presents  the  r a t l o  ot 0 ' ;  to  oi v e r s u s  input t r a c e  
f r equency  where  the  s a m p l e  point 1 w a s  loca ted  a t  a peak  of t he  input t r a c e .  
Although t h i s  filter smoo thes  the  da t a  i n  the  d e s i r e d  f r equency  r a n g c ,  it 
has  two undes i rab le  e f fec ts :  (1)  the  phase  shif t  which c a u s e s  negat ive peak  
va lues  a t  the  sample  point f o r  input freqtic,ncics be tween 1 .  225 and 3. 7-75 
c p s ,  6. 225 and 8. 775 c p s ,  e t c . ,  and ( 2 )  the  r e s o n a n c e  peaks  a t  2. 5 c p s ,  
5 CPS,  7 .  5 c p s ,  e tc .  Because  of t h e s e  two e f f ec t s ,  the  "cosine" f d t e r  w a s  
not used .  

The  7-point w$ighted f i l t e r  r ep laced  the  angu la r  r a t e  6i a t  t h e  s a m p l e  
point by a f i l t e r ed  0li which is e x p r e s s e d  as  fo l lows:  

10.0 
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F i g u r e  50. Graph t o  Indicate Effect of F i l t e r i n g  on  F r e q u e n c y  of Reduced Data 

T h e  so l id  l i ne  in  F i g u r e  50 is  the r a t io  of C 3 l i  t o  8 .  for  a unit  s inusoida l  
1 

input  t r a c e  sampled  5 t i m e s  p e r  second with s a m p l e  point i located a t  a 
pos i t ive  peak .  
low-f requency  input r a n g e s  below 1 .  2 c p s ,  i t  h a s  the o b v i o u s  advantage  of 
not in t roducing  a phase  shift  and negative peak va lues  ca lcu la ted  f o r  the  
pos i t ive  peak a t  point i .  T h e  r e sonance  peaks  still p r e s e n t  at 5 c p s ,  10 
c p s ,  e t c . ,  did not p r e s e n t  any p rob lem,  however ,  s ince  the da t a  r e a d e r s  
m e a s u r e d  a l i ne  d rawn  through the m e a n  of t r a c e  osc i l la t ions  with f r e -  
q u e n c i e s  of 5 c p s  and above and made  no a t t empt  to m e a s u r e  the ac tua l  
t r a c e  in  t h e s e  a reas .  

Although th is  f i l t e r  smoo thes  the  da t a  m o r e  s e v e r e l y  in  t h e  

Because  of the  advantages  given above,  the  7-point f i l t e r  was  used  t o  
s m o o t h  the  angu la r  r a t e  t i m e  h i s t o r i e s .  
addi t iona l  f r equency  l imi ta t ion  on the angu la r  r a t e  da t a ,  i t  had no a p p r e -  
c i a b l e  effect  on da ta  a t  f r equenc ie s  below 0 .  2 5  c p s .  

Although th i s  f i l t e r  placed a n  

F i g u r e s  51 and 52 show the  effect  of the  smoothing on the  r o l l  r a t e  and 
r o l l  a c c e l e r a t i o n  t i m e  h i s t o r i e s  fo r  one. descending  left  tu rn .  
l i n e s  i n  t h e s e  f i g u r e s  r e p r e s e n t  t ime  h i s t o r i e s  de r ived  f r o m  the  m e a s u r e d  
v a l u e s  of r o l l  r a t e ,  and the dashed l ines r e p r e s e n t  t i m e  h i s t o r i e s  d e r i v e d  
f rom da ta  in  which  the  r o l l  r a t e s  w e r e  smoothed .  
smooth ing  is qui te  evident i n  the  ro l l  a c c e l e r a t i o n s  il1usirate.d in  F i g u r e  5 2 ,  

The  so l id  

T h e  advantage of t h e  
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F i g u r e  51. F i l t e r e d  and  Unf i l t e r ed  Roll  R a t e  Time Histories 
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F i g u r e  52. P l o t s  of Rol l  f’ lcceleration v v r s u s  Tiime Der ived  f rom 
F i l t e r e d  and Unf i l t e r ed  R o l l  R a t e  T i m e  H i s t o r i e s  
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A P P E N D I X  E 

P R E D I C T E D  AND OBSERVED P E A K  L O A D S  
DISTRIBUTIONS B Y  D A T A  SET 

Since the data were  processed in batches, t h ree  independent subse s of 
predicted and observed distributions were  der ived to study the effect of 
sample s ize  and to check the consistency of the predictions through the 
comparison of da ta .  
132. F o r  each of these s e t s ,  the number of samples in the normalized 
distributions i s  the same  a s  the number of maneuvers .  
distributions and observed peak load distributions were  separated into 

Conditions 1 and 2: Set I contains 54 maneuvers  in Condition 1 and 14 in  
Condition 2; Set LI contains 50  maneuvers in Condition 1 and 68 in Condi- 
t ion 2; and Set 111 contains 81 maneuvers in Condition 1 and 51 in  Condi- 
t ion 2. 
2 of Set I s ince this sample  is too small. 

Set I contains 68 maneuvers;  Set 11, 118; and Set 111, 

However, the peak 

Distributions w e r e  not derived f o r  the 14 maneuvers  in Condition 

F igu res  53 through 6 4  present the predicted and observed distribution 
for  the wing, horizontal  tai l ,  a n d  ver t ical  tai l  loads for  the three subse ts  
and the two conditions. Generally, the predicted distributions do not f i t  
the observed distributions a s  well a s  the composites (F igures  26 to 3 1 ) ;  
never the less ,  even with the small  sample s i zes ,  the fi ts  a r e  obviously 
acceptable.  

7 3  



). 

k 0.6 
-1 

m 
4 
m 
0 
E 0.4 

- 

,/’ 

i - 
0 O B S E R V E D  L O A O S - C O N 0  I 

-.- P R E D I C T E D  L O A O S  - C O N 0  I 

a/ 
0 

5,000 10.000 15,000 

6 I 1 8 I I I I I 

P E A K  W I N G  LOAD - P O U N D S  

F i g u r e  53. P r e d i c t e d  arid Obse rved  Cumula t ive  P robab i l i t y  v e r s u s  
P e a k  Wing Load fo r  Data Set I, Condi t ion 1 ( 5 4  t u r n s )  
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F i g u r e  54. P r e d i c t e d  a n d  Obse rved  Cumula t ive  P robab i l i t y  v e r s u s  
P e a k  W i n g  Load f o r  Data Set 11, Condit ion 1 ( 5 0  t u r n s )  
and  Condition L ( 6 8  t u r n s )  
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P e a k  Wing Load for  Data Set 111, Condition 1 (81 t u r n s )  
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F i g u r e  58. P r c d i c t c d  and Obse rved  Cul-nlllat ivc P robab i l i t y  v e r s u s  
Pcak  Hor izonta l  T a i l  Load for Data S v t  111, Condition 1 
(81 t u r n s )  and Condition 2 (51 t u r n s )  
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F i g u r e  59. P r e d i c t e d  and Obse rved  Cuniu la t iv t  P robab i l i t y  v e r s u s  
P e a k  Pos i t i ve  Vc,rtical T a i l  Load f o r  Data Set I, 
Condition 1 (54 tur i i s )  

1.0 

0.8 

> 
5 0.6 
i 
m 
4 
m 
0 

E 0.4 

0.2 

0 

0 5 DO IO00 I500 2 000 

PEAK POSIT IVE VERTICAL T A I L  LOAD - POUNDS 

F i g u r e  60. P r e d i c t e d  and O h s c r v t d  Cumulat ive Probabi l i ty  v e r s u s  
P e a k  Pos i t i ve  Ver t ica l  Ta i l  Load f o r  Data Se t  11, 
Condi t ion  I ( 5 0  tur i i s )  and Condition 2 (08  t u r n s )  
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F i g u r e  61. P r e d i c t e d  and Obse rved  Cumula t ive  P robab i l i t y  v e r s u s  
P e a k  Pos i t i ve  V c r t i c a l  Ta i l  Load for  Data Set 111, 
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F i g u r e  62. P r e d i c t e d  and O b s ~ ~ r v c d  Cumula t ive  P robab i l i t y  versus 
P e a k  Ncgat ive V c r t i c a l  T a i l  Load for  Data Set I, 
Condition 1 (54 t u r n s )  
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